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PRECISION INSTRUMENTS ror 


THORACIC SURGERY 


| mproved models... 


New designs 


Th 857 Deep Thoracic Scissors—12" Long, Angular 
Long enough to keep the operator's hands out of the 
field of vision yet as easily handled as small scissors. 
Degree of angulation is useful in any situation but not 
So great as to be awkward in a small space. Safer than 
curved scissors for cutting vascular tissue. 


Th 227A Rienhoff Modified Finochietto Rib Spreader 
Lighter and less bulky than standard models. Particu- 
larly useful in children, young adults and thin indi- 
viduals where the regular Finochietto retractor may be 
somewhat cumbersome. Also useful as a sternum 
spreader. 


4 blade sizes, all with 6" spread between blades. 


Order direct from 


Th 227A 


Th 992 Finochietto Thoracic Forceps 

Double Utility Clamp—Mixter Type with Longi- 
tudinal Serrations and Easily-Threaded, Smoothly- 
Ground Eye. 

Has three useful functions: as a ligature carrier, a 
hemostat or a dissector. Of particular value in ligating 
vessels encountered during surgery of the esophagus. 
Length 25 cm. 


Th 1118 Finochietto Needle Holder 

Angulation of tip facilitates suturing in deep areas in 
chest and abdomen. Can be turned at various angles to 
permit accurate placing of sutures when performing 
anastomoses. Particularly useful for esophago-gastric 
anastomoses deep in the chest at difficult angles. 


illing & SON COMPANY 


3451 WALNUT STREET > 


HEADQUARTERS FOR IN 


STRUMENTS FOR 


PHILADELPHIA 


THORACIC SURGERY 


4 
4 
J 
f 
a 
be 
GEORGE P 
“4 


Present it... 


to a handful of people... Squomous cell carcinoma of 
or to hundreds 


So much to be done—so little time to do it. 
That is why so many physicians in hospitals 
and clinies everywhere are: (1) documenting 
all significant cases in color; (2) making these 
color pictures—2x2-inch Kodaslides ready 
for projection—constantly available for show- | 
ings to students, teachers, associates. This 
pooling of information is spreading medical 
knowledge. 


Present it... with the 
Kodaslide Projector, Master Model 


Here is a projector to do full justice to the finest color 
slides. It can deliver more light to the sereen than any 


other 2x2-inch slide projector; gives complete coverage 


and evenness of illumination throughout the slide area, 
A choice of four fine projection lenses. With Kodak 
Projection Ektanon Lens (Lumenized), 5-inch f/3.5, and 
adapter, the price is $169, subject to change without notice. 
grophic Products for the Medical 
and For further information see your photographic dealer 
Projectors—stil- ond motion-pic- write for literature 
ture; film—full-color and black-and- te f 
white (including infrared); papers; 


EASTMAN KODAK COMPANY 
equipment and microfilm, Medical Division, Rochester 4, N. Y. 
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Serving medical progress 
through Photography and Radiography “il alk 
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for 


...as used by the 
OVERHOLT THORACIC CLINIC 


Lucite Spheres, 1%’ or 1” (in diam.). . . $.30 éa. 
Polyethylene Film, Animal Tested, (Used for 
encasing Spheres) 
54” x .015...10 yds. $7.50 
54” x .002...10 yds. $7.50 


ORDER DIRECT FROM: 


MAKERS OF SURGEONS" INSTRUMENTS 


104 BROOKLINE AVENUE _ BOSTON 15, “MASSACHUSETTS 


BALANCED (Improved) HIGH POTENCY 


— For General Therapeutic Use — 
A valuable supplement in the regimen of the tuberculosis patient 
to assist in rectifying deficiencies caused by: 
Febrile conditions — Poor Nutrition — Faulty Absorption 


VICAP FORTIOR 


Vitamins and Minerals Plus Choline, Inositol and di-methionine. 


VITAMINS, PER CAPSULE: MINERALS, PER CAPSULE 
Vitamin A  poneee Vitamin Ca (from DiCalcium Phos- 
2,500 phate, Anhydrous) 75 mg. 
P (trom DiCalcium Phos- 
phate, Anhydrous) 58 mg. 
Fe (from Ferrous Sulfate, 
Dried, USP) 30 mg. 


Cu (from Copper Sulfate, 
2. Monohydrate) 0.45 mg. 
Vitamin. B-6 (Pyridoxine Mn (from Manganese 
Hydrochloride) Sulfate, Dried) 0.5 mg. 
Vitamin B-12, USP microgram K (from Potassium Sulfate) 2 mg. 
Vitamin C (Ascorbic Soe Sul- 
te, Dried) mg. 
SPECIFY iaci ide. » I (from Potassium 
Ca . lodide, USP) 9.075 mg. 
Vitamin E (d-alpha Tocopherol Co (from Cobalt Sulfate) 0.04 mg. 
BIO Acetate {from vegetable oils) Mo (from Sodium 
equivalent by biological Molybdate) 0.1 mg. 
AM Folic Acid, .5 mg. .5 mg. 
vit INS Choline Bitartrate, 31.4 mg. Inositol, 15 mg. dl-Methionine, 10 mg. 


Biochemical Research Laboratories, Inc. 
One East Walton Place Chicago 11, Illinois 


When writing please mention Diseases of the Chest 


= 


DISEASES of the CHEST 


OFFICIAL PUBLICATION 
OF THE 


AMERICAN COLLEGE OF CHEST PHYSICIANS 


EDITORIAL BOARD 


JAY ARTHUR MYERS, M.D., Chairman CHARLES M. HENDRICKS, M.D. 
Editor-in-Chief Editor Emeritus 
Minneapolis, Minnesota Paso, Texas 


MILTON W. ANDERSON, M.D. RICHARD H. OVERHOLT, M.D. 
Rochester, Minnesota Brookline, Massachusetts 


ANDREW L. BANYAI, M.D. HENRY C. SWEANY, M.D. 
Milwaukee, Wisconsin Tampa, Florida 


ASSOCIATE EDITORS 


ANTONIO A. ADAMES, M.D Holtville, California 
WILLIAM B. BEAN, M.D Iowa City, Iowa 
EDWARD P. EGLEE, M.LD.......... .......New York, New York 
SEYMOUR M. FARBER, M.D ..........-San Francisco, California 
EDWARD W. HAYES, M.D Monrovia, California 
HANS H. HECHT, M.D Salt Lake City, Utah 
PAUL H. HOLINGER, M.D........ 
CHEVALIER L. JACKSON, M.D ...............Philadelphia, Pennsylvania 
HOLLIS E. JOHNSON, M.LD....... .......Nashville, Tennessee 
ARTHUR M. MASTER, MLD................../......New York, New York 
EDGAR MAYER, MLD.............. .....New York, New York 
ALTON OCHSNER, M_D............ New Orleans, Louisiana 
GEORGE G. ORNSTEIN, MD..... ..New York, New York 
J. WINTHROP PEABODY, M.D........................Washington, D. C 
ARTHUR Q. PENTA, M.D Schenectady, New York 
LEO G. RIGLER, M.D............+.. Minneapolis, Minnesota 


CORRESPONDING ASSOCIATE EDITORS 


Donato G. Alarcon, M.D., Mexico David P. Marais, M.D., South Africa 

Adrian Anglin, M.D., Canada Amadeo V. Mastellari, M.D., Panama 

Jose Ignacio Baldo, M.D., Venezuela Gustav Maurer, M.D., Switzerland 

Etienne Bernard, M.D., France Andre Meyer, M.D., France 

Miguel Canizares, M.D., Philippine Is Papken S. Mugriditchian, M.D., Lebanon 

Manoel de Abreu, M.D., Brazil Antonio Navarrete, M.D., Cuba 

Lopo de Carvalho, M.D., Portugal Juda M. Pauzner, M D., Israel 

Sir Alexander Fleming, England Hector Orrego Puelma, M.D., Chile 

Ovidio Garcia Rosell, M.D., Peru Raul F. Vaccarezza, M.D., Argentina 

Fernando D. Gomez, M.D., Uruguay Raman Viswanathan, M.D. India 

Affonso MacDowell, M.D., Brazil Harry W. Wunderly, M.D., Australia 
Attilio Omodei Zorini, M.D., Italy 


EXECUTIVE OFFICE 
112 East Chestnut Street, Chicago 11, Illinois 
MURRAY KORNFELD, Managing Editor 


| 


VOLUME XXII DECEMBER 1952 NUMBER 6 


CONTENTS: 


THE EFFECTS OF THE DIMINISHED INCIDENCE OF PRIMARY 
INFECTION ON THE TUBERCULOSIS CONTROL PROGRAM 
J. Arthur Myers, M.D., Minneapolis, Minnesota 


Discussion: Robert J. Anderson, M.D., Washington, D. C 


SOME OBSERVATIONS ON THE TESTING 
OF PULMONARY FUNCTION 
C. A. Forssander, M.R.CS., L.R.C.P., Vancouver, B. C., Canada 


EXPLORATORY SURGERY OF THE HEART 
Charles P. Bailey, M.D., Robert P. Glover, M.D. and 
Thomas J. E. O'Neill, M_D., Philadelphia, Pennsylvania 


THE RECOGNITION OF NONALLERGIC ASTHMA 
Leon Unger, M.D., Chicago, Illinois 


Discussion: Harry H. Epstein. M.D., Jamaica, New York 


NEUROHEMODYNAMICS OF PULMONARY EDEMA 
I. AUTONOMIC INFLUENCE ON PULMONARY VASCULAR 
PRESSURES AND THE ACUTE PULMONARY EDEMA STATE 
A Preliminary Report 
Stanley J. Sarnoff, M.D. and 
L. Charlotte Sarnoff, Boston, Massachusetts 


Discussion: Irving Mack, M.D., Chicago, Illinois 


THE EARLY RECOGNITION OF BRONCHIOGENIC CARCINOMA 
Jim S. Jewett, M.D., Coral Gables, Florida 


COLLEGE ACTIVITIES 
COLLEGE NEWS NOTES 


BOOK REVIEWS: Chest Surgery for Nurses. By J. Leigh Collins and 
L. E. Mabbitt 
Anesthesia for Thoracic Surgery. By Henry K. Beecher 


Causes and Prevention of Tuberculosis. 
By Brice R. Clarke 


AUTHOR INDEX, Volume XXII, July-December, 1952 
SUBJECT INDEX, Volume XXII, July-December, 1952 
CONTENTS, Volume XXII, July-December, 1952 


MEDICAL SERVICE BUREAU 


Entered as second class matter, August 18, 1936, at the postoffice at El Paso, Tex., under the Act of Aug. 24, 1912 


Annual Subscription: $12.50, Postpaid to any part of the World. 


4 

| 
] 
4g 
710 
| 
711 

12 

713 
718 
721 

xxviii 
iv 


NOW... 
only from 
Keleket X-ray 


Gre tansfouner and one cortrol 
jor ALL capacitios 


Requires 
only simple, 


low cost 
timer Interchange 


Automatic Multicnon 


Because it can grow with your requirements, a KELEKET auto- 


matic Multicron Control is today’s best investment for everything 
you will need in X-ray’s tomorrow. Whenever you need more 

Lower Cost power, get it with a simple, low-cost timer interchange All 
Keleket Multicrons have the same transformer and control. You 
save when you buy again when you step up power! 


In Keleket’s famous Multicron, you get a space-saving, modernly 


195 Peak Porpoumance styled, custom-built unit, engineered for your requirements, 


personalized and at a most attractive price. 


Each unit 200 MA, 300 MA and 500 MA... . has all the auto- 


Kilovolts Space Sat ° matic trouble-saving Multicron features which have made this 


X-ray generator so popular for flexibility, convenience, accuracy 
and long, dependable service. 


KELEKET 
DIAGNOSTIC 
X-RAY CORPORATION 
500 MA unit, 125 KVP at 25 to 500 MA 214-12 W. FOURTH ST., COVINGTON, KY. 
THERAPY 
all units, 140 KVP to 10 MA 


Kelley. Koett International Corp 
Established 1900 EXPORT SALES 


215 E. 37th St, New York 16, N. ¥ 
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PNEUMOPERITONEUM TREATMENT of PULMONARY TUBERCULOSIS 


“,..A specially designed belt or corset has been utilized in all patients with any laxity of 


the abdominal wall. Markea 4istention of the abdominal wall increases the patient’s 


discomfort and makes necessary the use of larger and more frequent refills because so much 


air is wasted in a larger space. Proper support will often decrease the amount of air necessary 


to effect an adequate rise of the diaphragms. In female patients, especially, proper support will 


dispose of a psychologic hazard and will help to overcome objections to the procedure ...” 


Edlin, James S., M.D. and Bassin, Sydney, M.D.,“Pneumoperitoneum versus 
Pneumothorax” New Y ork State Journal of Medicine. 50:1947 (August) 1950 


THIS CAMP ABDOMINAL SUPPORT, espe- 
cially designed after research and consultation 
with eminent authorities in the Pneumoperito- 
neum treatment of Pulmonary Tuberculosis, is 
widely prescribed. The upper contour follows 
the lines of the rib cage. giving firm support to 
the abdominal muscles without retarding breath- 
ing. Two encircling straps are used with the 


double back adjustments. The adjustment 
around the lower part of the abdomen gives firm 
uplift while the upper adjustment holds the sup- 
port close to the bedy, preventing distention of 
the upper abdomen. Injection of air can easily 
be made without removing the support. The 
Camp adjustment is ideal for tightening the sup- 
port as required by gradual absorption of air. 


Write for literature, 


S. H. CAMP and COMPANY, JACKSON, MICHIGAN 


World's Largest Manufacturers of Scientific Supports 
Offices in New York + Chicago + Windsor, Ontario + London, England 
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BITARTRATE (Dihydrocodeinone Bitartrate) 


for COUGHS 


of every etiology 


Hycodan is available in three forms: 
Oral tablets (5 mg. per tablet), 


Syrup (5 mg. per teaspoonful), 
Powder (for compounding). 


Narcotic blank required. eS 


Average adult dose, 5 mg. —_ 


Literature on request. 


Endo Products Inc., Richmond Hill 18, N.Y. 
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A NEO-PENIL* CASE HISTORY 


(For more information about ‘Neo-Penil’, see page 26) 


Bronchiectasis: Preparation for surgery 


Patient: Mr. A.C., age 52, admitted to the hospital November 
10. Eleven years' history of bronchitis. In the last 5-6 
years he had periodic attacks of severe cough, producing 
large amounts of purulent, fetid sputum. He had "caught a 
bad cold" in September and was feeling very poorly, with 
severe cough, copious expectoration and fever. 


First course of treatment: After sputum cultures were obtained, 
the patient was treated with procaine penicillin, intra- 
muscularly, 150,000 units daily for 5 days and streptomycin 
0.5 Gm. t.i.d. for 4 days. In addition, he was given 
penicillin inhalations for 6 days. Postural drainage was 
employed throughout the treatment. 


Response: The amount of expectorate decreased but slightly. 


On December 4, the patient was transferred to the Depart— 
ment of Thoracic Surgery of a larger hospital, for opera- 
tion. Bronchoscopic examination revealed marked 
bronchiectasis in all segments of the left lower lobe. 
The upper lobe, including the lingula, showed no abnor- 
mality. The sputum volume was now 600 cc. per day. 


Second course of treatment: In the hope of reducing the sputum 
volume before operation, the patient was given 'Neo-Penil', 
intramuscularly, 1 million units the first day, 1 million 
units b.i.d. the second day, and 1 million units t.i.d. 
thereafter. Postural drainage was reinstituted. 


Response: After 6 days, sputum volume was reduced from 600 cc. 
to 50 cc. per day. At this time sputum culture revealed 
penicillin-resistant bacteria and chloromycetin was given, 
0.5 Gm. every 6 hours for 5 days. The sputum volume was 
further reduced, and it was felt safe to operate. 
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Postural drainage 
‘NEO-PENIL’ started 


Chloromycetin 


Discontinuance of treatment 
Operation 


Postural drainage 
Procaine penicillin started 
Penicillin inhalation 
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20 
DAYS OF ILLNESS 


‘Neo-Penil’ is a new, long-acting derivative of penicillin, which concen- 
trates in the lung and sputum (see page 26). It is available at retail pharmacies 
in single-dose, silicone-treated vials of 500,000 units. 


Smith, Kline & French Laboratories, Philadelphia 


FULL INFORMATION ACCOMPANIES EACH ‘NEO-PENIL’ VIAL. 


* T.M. Reg. U.S. Pat. Off. for penethamate hydriodide, $.K.F. 
(penicillin G diethylaminoethyl ester hydriodide) Patent Applied For 
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Life Size Lung Model 


Right Lung — Lateral View 


For the first time, life size model 
of the lungs, demonstrating the seg- 
mental anatomy. 


Each segment is a different color. 
Each lung is durable and rotates on 
the stand so as to easily lend itself 
to demonstration of segments. 


Nomenclature of Jackson and Hu- 
ber is on the stand. 


Very valuable for demonstration 
and teaching purposes. 


Price $69.50 a pair 
Copyright 1951 
ANATOMICAL MODEL 
RESEARCH COMPANY 


P. O. Box 114, Buena Vista Station 
Miami 37, Florida 


POWERS 


X-RAY PAPER 
REDUCES 
COSTS 


50% 
OR MORE! 


F. or most rou- 
tine work, radiographs 
of high quality can be made at less than 
half the usual cost with Powers X-Ray 
Paper. That is why more and more hos- 
pitals are using both paper and celluloid 
base film in their X-Ray departments. 
Techniques differ 
only slightly. 


Proven in use for 
over 16 years, 
Powers X-Ray 
Paper comes in 
standard sheet 
sizes, or perforated 
rolls for use with 
the Powers Maga- 
zine Cassette. 


Let us show you in detail how you can 
effect substantial savings with Powers 
X-Ray Paper. Write for complete infor- 
mation and literature. 


POWERS X-RAY PRODUCTS, INC. 


Glen Cove, Long Island, N. Y. 
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for successful treatment 
of acute and chronic 
pulmonary disorders 


the BENNETT PRESSURE 
ATHING THERAPY UNIT 


TO PROVIDE SAFE, EFFECTIVE BREATHING 
assistance with simultaneous bronchodilator or «1 


antibiotic aerosol administration in all types of 
acute and chronic respiratory insufficiency. 


ESPIRATORY ASSISTANCE IS ACCOMPLISHED BY ACTIVELY INFLATING 
R the lungs under safe controlled pressure during inspiration with a 
resulting increase in depth and volume of breathing, then 
allowing free exhalation without pressure. The unique features of the 
truly flow-sensitive Bennett Valve makes this the ideal treatment 
unit for intermittent positive pressure breathing. Complete patient control 
of breathing rate and rhythm is maintained at high or low rates of 
flow, thus achieving deep, effective breathing even in advanced cases. 


XTENSIVE CLINICAL DATA AND RESEARCH PAPERS SUBSTANTIATE 
E the good results obtained in a high percentages of cases 

treated with the Bennett Unit. Effective relief from dyspnea, 
together with physiological therapy has been accomplished 
in both acute and chronic respiratory complications. These include 
emphysema, bronchiectasis, silicosis, asthma, atelectasis, cor pulmonale, pulmonary 
fibrosis, pulmonary edema, poliomyelitis, some cardiac conditions, barbiturate poisoning, 
post-operative complications, and other conditions involving insufficiency of respiratory 
ventilation. Now widely used by doctors, hospitals, and many individual patients.* 
Information, descriptive literavure, and reprints available on request. 


V. RAY BENNETT & ASSOCIATES, Ine. 


320 South Robertson Boulevard 
Los Angeles 48, California 


*Note: units sold only on the prescription or order of a physician or a qualified hospital or institution. 
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A 


Noo need for the chronic asthmatic to give up work, play, a normal 
life. With Nortsoprive Sulfate. a quick-acting bronchodilating powder, 
symptomatic relief is as near as the patient's pocket or purse. 
When the asthmatic feels an attack coming on, he simply takes 
three or four inhalations of the powder, using the pocket-sized 
Arronator, Result? The bronchospasm usually ends quickly. No 
injections, no cumbersome equipment, no need to leave the job. 
Norisoprine is effective against both mild and severe asthma.':?-4 
It has relatively low toxicity, and with proper administration, side- 
effects are few and usually minor. Before prescribing Norisoprine, 


however, the physician should familiarize himself with administration, 


dosage and precautions. Literature may be obtained by 
writing Abbott Laboratories, North Chicago, Illinois. Obbott 


Gas SULFATE POWDER 


(LSOPROPYLARTERENOL SULFATE, ABBOTT 


for use with the AEROHALOR® Abbott s Powder Inhaler 


EASY TO CARRY Koutman, and Farmer, (1951), Norisodrine by Aerohalor in Asthma, Ann. Allerey 
2. Sulphate (25 Per Cent) Dust inhalation in Severe Asthma, Ann Allergy \, 

IN POCKET OR PURSE july August. 3. Krasno, vy A (1949) The inhalation of 1.( 34 Dihydronyphenyl )-2- 
eth No Sultate Oust) J Allergy 20-111 Moreh 
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Better 


for more patients 


Granulate 


because better 
Tolerated 


e Therapeutically, Pasara Calcium—a new sali of 
para-aminosalicylic acid—is fully as effective as the 
sodium salt. It is rapidly absorbed from the intes- 
tinal tract and produces desirably high blood levels 
(5 to 10 mg. per 100 cc.) within 2 to 3 hours. 


e But it presents the distinct advantage of greater 
tolerability when administered in the form of Pasara 
Calcium Granulate. In a recent study comprising 
14 patients who had reacted adversely to sodium 
p-aminosalicylate, this new compound was shown 
to be well tolerated, without leading to gastro- 
intestinal or other discomfort in the majority of 


subjects. 
Granulate is supplied in} Ib. © An additional advantage is that Pasara Calcium 


and 25 Ib. containers; the |= may be used in the many instances when increased 


powder, also in | Ib. and 25 sodium intake appears undesirable. 
Ib. containers; 0.5 Gm. tablets 
ond capsules in bottles of 100 © Pasara Calcium is available also in powder, tab- 


and 1,000 respectively. let, and capsule forms. 


SMITH-DORSEY, Lincoln, Nebraska 
A Division of THE WANDER COMPANY 


A Dorsey PREPARATION 
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TUBING 
CLINICAL and LABORATORY USE 


Polyvinyl is a new plastic material having unusual properties particu- 
larly suited for use in tubes, drains and catheters. It was developed 


to provide an inert synthetic plastic having exceptional 
electrical insulating properties, inertness to most 
chemicals and flexibility under a wide varia- 


Cat. No. 2000V 


8 to 16 F.—100 ft. reels 
18 to 30 F.— 50 ft. reels 


, tion of temperature range. Size CHART 


French Outside Inside | French Outside Inside 
It is light. malleable and flexible. Polyvinyl Size Dimen. Dimen.| Size Dimen. Dimen. 


is chemically inert and non-irritating to | 8 104 24 an 
living tissues. Bile solutions and organic 10.13 
salts do not precipitate on the walls of t 7 = 

me 169 x 128 | 
tubing. Blood and lymph do not clot 170 x .120 


) readily on the surface of the tubing. am 


| Extensive experimental and clinical 236 
applications of polyvinyl! tubing 260 
have demonstrated the wide 4 288 


application of this material. 


DISINFECTION 
| For disinfection it is recom- 
mended that polyvinyl tubing 
be immersed in an aqueous 
solution of 1: 1000 Urolocide 
or equivalent disinfectant for 
a period of at least twenty { 


minutes prior to use. 


See your dealer 
or 


write for information SE 
ESTABLISHED IN 1900 «Cage Z BY REINHOLD WAPPLER 
FREDERICK J. WALLACE, President 


1241 LAFAYETTE AVENUE NEW YORK 59, N. Y. 
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American (ystoscope Makers, Inc. 


Angiocardiography with Diodrast 
70 per cent solution — 

whether by means of intravenous 
injection or by the technic 

of intracardiac catheterization — 
is now a well standardized 


and often immensely 


helpful procedure. 


Diodrast 


Concentrated Solution 70% 


Ampuls of 20 ce. and 50 ce. 


Specific instances in which 

it may be of unsurpassed diagnostic 
value are congenital lesions 

such as patent ductus arteriosus, 
tetralogy of Fallot, coarctation 


of the aorta, patent foramen ovale. 
dextrocardia, ete.; aneurysms, 
mediastinal lesions 

and chronic pericarditis. 


iwc. 


New 16,N Y. Winosoa Ont 


Diedrast. trademark rep. U.S. Canada. brand of iedepyrecet 
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In Tuberculosis Therapy 
Choose The 
Most Versatile- 
Most Convenzent- 
Most Accurate 
Method of mn 
PAS Administration 


With Hellwig’s packettes the 
preparation of a single dose of P.A.S. 
no longer entails measuring powder or 
counting tablets. No chance of 
inaccuracy. Each envelope is pre- 
weighed. Each packeTTe contains 4.18 
grams of neutral Sodium Para amino 
Salicylate Dihydrate (4.18 grams being 
equal to exactly 3.0 grams of free 


Para amino Salievlic Acid). 


xvi 
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clinically confirmed... 
Eifocaine’ 


long-acting local anesthetic-analgesic 
for prolonged, non-narcotic control of pain 


Postoperatively 35 patients required no narcotics, another 24 required only | or 2 doses; 


6% in surgery of the head. neck and extremities!.2 
no patient required more than 4 doses. 


in thoracic and Upper abdominal surgery and chest pain!.2.3.4 

187 tal nerve block with Efocaine allowed patients to breathe deeply 
and cough teety without pain, obviated the need for respiration-depressing 
narcotics —"an effective means of preventing postoperative pul y completions. 4 
“...more than 50 blocks for miscellaneous chest pain... were all successful.” 


in lower abdominal surgery!.2 


with Efocaine. In one group of 285 patients, 87 required no postoperative narcotics, 
and 14] needed only | or 2 doses.? 


in anorectal and vaginal surgery. pruritus ani!.2.5.6 
dramatic relief of postoperative pain ...in almost every 


ts were virtually eliminated.” 
b Fre 


“All of the ‘patients with ‘pruritus ani were b 


45 following tonsillectomy’ 
euses was achieved in every instance. 


after episiotomy?® 
“A high d of episiotomy pain-reliel was obtained _. patient morbidity was greatly 
euses reduced, and a more convalescence achieved.” 


25 in minor and office surgery! 
—. Relief of postoperative pain was excellent in 76% of the group, good in the remaining 24%. 


Clinical experience with EFOCAINE in over 1,000 patients is 
now recorded in the medical literature. This experience, 
summarized above, demonstrates unequivocally 
that EFOCAINE achieves at last a long-sought goal in medicine 
and surgery: prolonged, non-narcotic pain control. 
a single injection 
> produces 6-12 days local anesthesia-analgesia 
} provides dramatic, long-lasting relief of pain 
7 virtually eliminates postoperative narcotics 
Ansbro, F. P., and others 13:306, 1952. 2. .lason, A. H., and Shattel, E Pain Control, presented 
before the Section on thesiology of the American Medical Association Chicago, Ill. June 10, 1952 
and Bradshaw, H H Surgeon /8:616, 1952. 4. Puderbach, W_ ].. and others Journal Lancet 72.203, 13: 
]. Kansas M. Soc 53 6 Gross, ]. M others: New York State ]. Med 1) 1982. 7 Penn, S. E 
Otolaryng. 56:59, 1952. 8. Cappe, B. E., and Pallin, | M.: Am. Pract. & Digest Treat. 3:739. 


EFOCAINE, a depot solution, is a in 20-cc. multiple-dose vials. 
Detailed literature available upon request. 


E. FOUGERA & CO., INC. 
75 Varick Street. New York 13, N. Y. 
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A drug of choice in tuberculosis 


As therapeutically active as streptomycin, CRYSTALLINE DittyDROSTREPTOMYCIN 
SULFATE MERCK is less toxic to the vestibular apparatus, minimizes pain and 
swelling on injection, and may be used even in some patients allergic to 
Streptomycin, 

This preferred product is available in dry powder form and in convenient 
ready-to-inject form as SOLU LION OF CRYSTALLINE DIHY DROSTREPTOMYCIN 
SULFATE MERCK. 

PARA-AMINOSALICYLIC ACID MERCK (PAS), when used in combination with 
CRYSTALLINE DittyDRostREPTOMYCIN SULFATE Merck, prolongs the effective 


period of antibiotic therapy by inhibiting or delay ing the development of 
bacterial resistance. 


Crystalline Dihydrostreptomycin 
Sulfate Merck 


MERCK & CO., 


Manufacturing Chemists 
for the Nation’s Health RAMHWAY, NEW JERSEY 


Im Canada: MERCK & CO. Limited—Montreal 


Research and Production 
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Broyles 


ROTATING 
ANTERIOR COMMISSURE 
LARYNGOSCOPE 


RS 
(A modification of the C. L. Jackson rotating laryngoscope) 


In especially difficult cases : 
that require exposure of the 
anterior commissure, this small 
laryngoscope is passed in the 
usual manner, and after the poster- 
ior larynx is exposed, a thumb- 
screw when loosened, enables the 
laryngoscopic barrel to be rotated g 
so that the tip acts as a spatula 
pushing the larynx posterior and " 

giving a clear view of the anterior : 


commissure. 
A magnifying telescope is attached [ . 
so that an enlarged view is obtained 


of the laryngeal structures and pape — attached 

any pathological lesion. The mag- . 

nifying telescope may be moved 

aside for operative procedures. Adequate illumination is provided 
; by a light carrier. 


See Your Dealer 


ESTABLISHED IN 1900 BY REINHOLD WAPPLER 


FREDERICK J. WALLACE, President 


American 


1241 LAFAYETTE AVENUE NEW YORK 59,N. Y. 


> 
> 
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Tew hegimens NYDRAZID 


Nydrazid (Squibb Isoniazid) has amply proved its effectiveness 


in the treatment of tuberculosis. In order to increase this effec- 


tiveness, combined dosage regimens are now recommended. 


NYDRAZID ALONE 


The recommended dose is 3 to 

5 mg. per kilogram of body weight 
per day. Resistant tubercle 

bacilli may emerge under this 
regimen, bui the clinical 
significance of this phenomenon 
is not completely known. 


NYDRAZID PLUS STREPTOMYCIN 
OR DIHYDROSTREPTOMYCIN 


In vitro studies show that 

a combination of Nydrazid and 
streptomycin tend to prevent 
resistance to either drug. In 
the hope that this finding 

will be borne out clinically, 
Nydrazid is now recommended 
in the usual daily dose, with 
streptomycin or dihydrostrep- 
tomycin, | Gm. twice weekly. 


Nydrazid is now available in three dosage forms 


Tablets, 50 and 100 mg. 
Bottles of 100 and 1000. 


NYDRAZID PLUS PARA- 
AMINOSALICYLIC ACID 


Preliminary reports on the use 

of this combination are favorable. 
The recommended dose is Nydrazid, 
3 to 5 mg. per kilogram per day, 
plus para-aminosalicylic acid, 

10 to 15 Gm. daily. Change 

to streptomycin-PAS treatment if 
response is not satisfactory. 


Capsules, 50 and 100 mg. 
Bottles of 100 and 1000. Pint bottles. 


NYDRAZID PLUS STREPTOMYCIN 
PLUS PARA-AMINOSALICYLIC ACID 


All three drugs may be 

justified in miliary or meningeal 
tuberculosis or in acute tuberculous 
pneumonia. Suggested dosage 

for the .irst week is Nydrazid 

7 mg. per kilogram per day, 
streptomycin | Gm. per day, and 
para-aminosalicylic acid 10 to 

15 Gm. per day. Thereafter dosage of 
Nydrazid and streptomycin should 
be reduced to conform to the 
regimens recommended for other 
forms of tuberculosis. 


Syrup, 10 mg. per cc. 


| 
SQUIBB Maxvracturinc CHEMISTS TO THE MEDICAL PROFESSION SINCE 1858 


A OF C. & SONS 
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“Vaponefrin aerosol demonstrated 
93% immediate protection against 
the effects of histamine.” 


In a comparative study of the 
protective abilities of various bron- 
chodilator aerosol prepara- 

ons by Segal,' Vaponefrin aerosol 
demonstrated far greater imme- 
iate and more prolonged protec- 
against the effects of histamine 
thon aerosols of epinephrine 

1:100 or other bronchodilators. 


VAPONEFRIN SOLUTION 


Vapondfrin Solution is a bio-assayed 
2.25% soltion of an especially purified 
rotemic epinephrine, as hydro- 
chloride, equivalent in pressor po- 
tency} to 1.25% U.S.P. reference 

f standard epinephrine. 


hh 


Vaponefrjn Solution has o val 
plgce in the therapeutic man- 

agepeft of bronchial asthma as an 
effective bronchodilator with im- 
mediate bronchospasmolytic 
properties, minimum side-effects, and 
less chance of the patient 

becoming “medication-fast.” 


1. Segal, M.S.: Dis. of Chest 14:795-823, 1948 


VAPONEFRIN COMPANY 


\/ Accounting Division 
304 So. 69th St.. Upper Darby. Pa. +" P. O. Box 4245, Portland 8, Oregon 
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You said you wanted a modern two-tube x-ray unit, with an efficient 
spot-filming device, and a separate over-table tubestand . .. all this at a 
moderate price. You wanted the table to be motor-driven for any 


angulation over the full range between Trendelenburg and vertical. e Al ‘ 
You wanted the spot-filming device to give you a selection of te 


fields whole film, halt film or four spots”) 


Above all, you wanted it to be easy-to-operate (motor-driven, if possible) 
but that seemed too much to hope for 
at the price you had in mind. 


Well, you get all that—and much more— in this two-tube 
“Centurion” X-Ray Unit with a floor-mounted tubestand 
and with the famous Picker ; motor-driven “Spotfilmer” 
built right into it. 

at 


Your local Picker representative 
will be glad to tell you all about it 


PICKER RAY CORPORATION 


with motor-driven “Spotfilmer” 
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VOLUME XXIl DECEMBER 1952 NUMBER 6 


The Effects of the Diminished Incidence 
of Primary Infection on the 


Tuberculosis Control Program” 


J. ARTHUR MYERS, M_LD., F.C.C.P. 
Minneapolis, Minnesota 


Primary infection is the starting point of all tuberculous lesions. 
Without the initial invasion of tubercle bacilli there can be no 
illness or death from tuberculosis. Efforts to control this disease 
in many places has been limited largely to the sick and dying. 
and more recently in a small way to those not yet ill or seriously 
so, but who have x-ray shadow-casting lesions. So much time was 
consumed on these phases of tuberculosis that little or no con- 
sideration was given to the control of primary infection. Thus 
the fountainhead continued. The presence of gross lesions or a 
considerable degree of ill health had to exist before an attack 
was made on the tubercle bacillus. Usually in cases so found, the 
disease already was contagious and tubercle bacilli had been passed 
on to the bodies of persons and animals associated with the hosts. 
Moreover, the majority of hosts were already destined to long 
periods of invalidism, and many to untimely death. Most of these 
persons had passed through long periods—months, years and even 
decades, in apparently good health, but with primary infections 
in their bodies for which nothing had been done. Indeed, primary 
infections were so encouraged and coddled that they were the 
safest possible haven for tubercle bacilli. They were thought to 
be universal in young adulthood and all subsequent ages through- 
out the civilized world. 

Prior to 1890, primary infections were usually detected only at 
necropsy. In some parts of the world the bodies of practically all 
adults and most children dead from any cause revealed them. 


*Presented at the Seventeenth Annual Meeting of the American College 
of Chest Physicians, Atlantic City, New Jersey, June 8, 1951. 


Copyright, 1952, by the American College of Chest Physicians 
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After 1890 the reaction to tuberculin manifested their presence 
during life. In many places where tuberculin testing was done, 
reactions began to appear among young children and the inci- 
dence rapidly increased to include the majority of young adults. 
Thus it was assumed that all persons in older adult life carried 
primary infections. These were regarded almost as much a part 
of adult human bodies as the various organs with which they 
were born. The occasional young adult who did not have primary 
tuberculous infection was looked upon as an abnormal person and 
was considered in great danger of developing galloping consump- 
tion. 


In a few places, particularly the United States, groups of phys- 
icians, small at first, became convinced that all tuberculous infec- 
tions should be prevented. Notable in this contention was E. L. 
Trudeau, who emphasized the importance of protecting children 
against contagion. A sanatorium building program was soon under 
way whose main purpose was to prevent persons with contagious 
tuberculosis from spreading tubercle bacilli to children, other 
members of their households and their community associates. 


One of the most effective health education programs in history 
was begun by the National Tuberculosis Association in 1904 and 
has increased in scope and intensity to this moment. Numerous 
other organizations, national and local as well as the practicing 
medical profession, joined in the campaign to stop the dissem- 
ination of tubercle bacilli. 


The establishment of a Division of Tuberculosis in the United 
States Public Health Service in 1944, with its subsequent promo- 
tion of mass x-ray surveys in our most densely populated areas, 
has brought to light many persons with previously unknown 
tuberculosis. The finding of such cases and providing proper 
isolation and treatment has been an important factor in pro- 
tecting the public against primary tuberculous infection. 


The veterinary profession has long recognized primary tuber- 
culous infection in animals, particularly cattle, as an ill omen. 
They knew that every animal so infected as manifested by the 
tuberculin reaction was a potential reservoir of tubercle bacilli 
from which dissemination might occur among other animals and 
people. Therefore, they set up an eradication program in 1917 
which consisted of removing from the herds of the United States 
all animals which had contagious tuberculosis as well as those 
which at the moment presented no evidence except the tuberculin 
reaction. One of the main purposes of this program was to protect 
animals and people from primary and secondary invasions with 
bovine type of tubercle bacilli. 
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Opposition to Preventive Measures 


Strange as it may seem, early attempts to protect people and 
animals against primary infections with both bovine and human 
types of tubercle bacilli were strenuously opposed. Some persons 
contended that the problem was of such magnitude that it would 
be impossible to provide funds to build and maintain sufficient 
sanatoriums for contagious people and to reimburse owners for 
the large number of cattle that would be sacrificed. A more potent 
objection was that children would be denied tubercle bacilli which 
were believed to be essential to immunize them against clinical 
disease in adulthood. 

Veterinarians were told that if they eradicated tubercle bacilli 
from the cattle herds of America they would bring on generations 
of cattle of so-called virgin soil; that is, if such cattle should at 
some subsequent time become infected with tubercle bacilli they 
would have no resistance and tuberculosis would become epidemic 
among them. 


Progress Continued with Phenomenal Accomplishments 


The opposition was sufficiently overcome that sanatorium build- 
ing and other methods of protecting the population against first 
infection with human type of tubercle bacilli proceeded. By 1947 


there were 830 institutions with 120,496 beds for tuberculosis in 
Continental United States. These included 21,317 beds in hospitals 
for the mentally ill and penal institutions. 

In the United States mortality rates fell to almost unbelievable 
levels. Among infants from birth to one year, the mortality rate 
was 168.6 per 100,000 in 1915, but only 10 in 1948—a decrease of 
94.07 per cent (Table I). During the same time, among children 
from one to four years the mortality rate decreased 89.85 per cent. 
The decrease was 92.19 per cent among children from five to 14 
years, and 88.23 among young adults from 15 to 24 years (Table I). 


TABLE I 


TUBERCULOSIS MORTALITY RATES, UNITED STATES, 
1915 THROUGH 1948 


Per cent 
Decrease 
Birth to 1 year t 94.07 
1 to 4 years 89.85 
5 to 14 years . . 92.19 
15 to 24 years 88.23 
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The tuberculosis mortality rate for people of all ages dropped 
from 146 in 1915 to 22.2 in 1950 and to about 20 in 1951. 

In New York, the world’s largest city, the number of deaths 
among children under 15 years of age fell from 1200 in 1915 to 
74 in 1948, a decrease of 93.83 per cent. In the State of Minnesota. 
among children under 15 years of age the tuberculosis mortality 
rate was 34.1 per 100,000 for the five year period, 1915-19. In 1949. 
it was 1.3 per 100,000, a decrease of 96.2 per cent. Among infants 
under one year of age, the rate was 130 per 100,000 in 1915-19, 
but only 4.4 in 1949. a decrease of 96.6 per cent. The rate among 
persons of all ages was 102.2 in 1915 and 8.6 in 1950, a decrease 
of 91.6 per cent. 

Veterinarians and their allies were frequently retarded by litiga- 
tion, etc., but they pressed forward with a tuberculosis eradication 
program, which began in 1917. That year, at the points of federal 
inspection 40,746 cattle were condemned as inedible because of 
tuberculosis. In 1951, only 569 animals were so condemned, a 
decrease of 98.6 per cent. In 1916, one year before the nationwide 
eradication program began, enough cattle were condemned by 
federal inspectors to make a 15-mile solid trainload of live cattle. 
In 1951, such animals could be accommodated in a train less than 
0.3 miles long. 

From 1917 to 1950, 322.474.607 tuberculin tests were administered 
to cattle of this country and the 3,978,763 reactors were slaughtered. 
The veterinarian’s accomplishment has been phenomenal. By 1951 
he had reduced the incidence of tuberculous infection among the 
cattle of America to 0.14 per cent. There is some evidence to 
indicate that a considerable percentage of the relatively few ani- 
mals which become infected annually receive their tubercle bacilli 
from human associates rather than from other cattle. There are 
large areas in this country where no animal can be found with 
even primary tuberculosis (tuberculous infection). 

Veterinarians have also done much to prevent primary tuber- 
culous infection among people by controlling tuberculosis among 
other domestic animals and pets such as dogs. cats and parrots. 
Their program has been so successful that a large number of 
people have been protected against primary tuberculous infections. 
Wherever tuberculosis has been controlled among cattle there has 
followed definite decrease in infection attack rates, mortality and 
morbidity among the people of the same areas. 

Since tubercle bacilli of the human and bovine types are trans- 
missible from animals to people and from humans to animals, 
it is futile to attempt to control the diseases in people without 
controlling it in animals and vice versa. 

The veterinarians’ program combined with the sanatorium move- 
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ment has in just a few decades almost reversed the situation with 
reference to primary infections among people. Early in the 20th 
century it was said that in many places in this country 90 to 95 
per cent of young adults had primary infection. Now, on the basis 
of actual testing we know that in large parts of the country 90 
to 95 per cent of young adults have been protected against such 
infection. As one descends the age scale, large numbers of grade 
schools are found in which only 2 or 3 per cent of the children 
have primary infections, and there is a rapidly mounting number 
of such schools in which no child has been infected. In these 
same areas pre-school children who react to tuberculin have be- 
come rare. Starting again from young adult life and ascending 
the age scale, one finds in these same areas a high percentage 
of persons in the ages of 20 to 30, and even 40, who do not react 
to tuberculin. In some rural counties testing of adults of all ages 
has revealed that less than 25 per cent have primary tuberculous 
infection. 

In the United States primary infections now occur more often 
among adults than among children. In many areas the annual 
infection attack rate in both childhood and adulthood is well 
under 1 per cent. Since so much of life’s span is spent in adult- 
hood, there are many more years during which primary infection 
may occur. Since the defense mechanism of the human body is 
as effective against the first invasion with tubercle bacilli in 
adulthood as in childhood, and since everyone becomes a potential 
case of tuberculosis immediately after the first invasion with 
tubercle bacilli, it is obvious that the longer primary infection can 
be postponed the less likelihood there is of the individual falling 
ill or dying from tuberculosis. 


Theories Replaced by Facts 


As the program of tuberculosis control among people and animals 
progressed, theories which had so retarded progress were replaced 
by facts. For example, the theory that the bovine type of tubercle 
bacillus has low virulence for human tissues was proved to be 
erroneous. Indeed, it was found capable of producing just as dis- 
abling and killing disease among people as the human type. In 
countries which have not controlled tuberculosis among the cattle 
herds, the bovine type of tubercle bacillus continues to wreck 
havoc among children and young adults, causing 50 per cent or 
more of all cases of tuberculosis of the skin and peripheral lymph 
nodes, 20 per cent of tuberculous lesions of bones, joints and genito- 
urinary organs, 25 per cent of fatal tuberculous meningitis and 
miliary disease, and 1 to 6 per cent of the cases of pulmonary 
tuberculosis. Such facts completely squelched the theory that the 
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bovine type of tubercle bacillus should be preserved to immunize 
children. It was obvious that to provide children with bovine type 
of tubercle bacilli in their food to produce so-called immunity 
caused too much illness, deformity and death to justify the prac- 
tice even if the bovine type of tubercle bacillus had been proved 
to have some immunizing power. 


As it became obvious that children were so protected against 
primary infection that a preponderance of them were entering 
adulthood without tubercle bacilli in their bodies, there was still 
a belief that every human body should contain tubercle bacilli 
and it was actually recommended that living germs of reduced 
virulence be administered to every child. Time has shown that 
where this has been done, the tuberculosis problem has not been 
solved as well as in areas where children have been protected 
against tubercle bacilli of all types and all degrees of virulence. 


The creation of “virgin soil” theory was also found untenable. 

This was based on the opinion that if people and animals were 

deprived of tubercle bacilli, generations would develop with no 

immunity (virgin soil) and should they then become infected they 

| would be decimated. Veterinarians showed that when animals 

whose ancestors have been free from tubercle bacilli for genera- 

tions become infected with tubercle bacilli, their defense mech- 

: anism operates in precisely the same manner as that of animals 
whose ancestors have been tuberculous for many generations. 


As late as 1949, a physician wrote: “The situation in Minnesota 
may be likened to a safety zone that lies in the midst of streaming 
i traffic. To carry the analogy a bit farther, the wise Minnesotan 
will remain on his little island if he wishes to retain his health. 
To travel abroad without any immunity might prove particularly 
hazardous. Of course, if he so desired, he might remain where 
he is until traffic around him quieted down, but that might take 
a good many more years.” The writer of this article apparently 
did not Know that in nine other states tuberculosis was at lower 
ebb than in Minnesota. Therefore there were 10 safety zones or 
islands and a sizable number of others in this country with tuber- 
culosis at almost as low ebb. This author apparently did not know 
that Minnesotans travel as freely in other parts of this nation 
and abroad as citizens of other states. Yet their tuberculosis mor- 
tality, morbidity and infection attack rates continue to decrease. 
Moreover, large numbers of young women and men served in 
countries where tuberculosis is rife during World War II, and many 
became infected with tubercle bacilli. In fact, the incidence of 
tuberculin reactors among entering university students was 6.4 per 
cent in 1945, but in 1946 when large numbers of those who had 


1 
| 
ts ‘ 
— 


Vol. XXII TUBERCULOSIS CONTROL PROGRAM 613 


been abroad in service entered school, the incidence of tuberculin 
reactors was 19.3 per cent. These individuals who had been pro- 
tected against tubercle bacilli through their lives but became 
infected while abroad, presented no different tuberculosis problem 
than that seen among students some years before, when 19 per 
cent or more reacted to tuberculin. After 1946, as the number of 
veteran students decreased there were fewer tuberculin reactors 
on entrance, reaching 11.2 per cent in the school year 1948-49. 


We have observed a large number of young adults, principally 
students of nursing and medicine, who developed primary tuber- 
culous infection. Among them, no different kinds of clinical dis- 
ease were found and no greater number developed this disease 
subsequently than among those infected as children. 


Therefore, the theory that it is dangerous to the future control 
of tuberculosis to prevent the young from becoming infected with 
tubercle bacilli has been replaced with the fact that the only safe 
procedure is to protect humanity everywhere, regardless of age of 
individuals, against primary infection and reinfection with tubercle 
bacilli. The idea, that bringing on generations of people unin- 
fected with tubercle bacilli creates a dangerous so-called virgin 
soil, is a myth. The old theory that the child or adult who has 
tuberculous infection as manifested by sensitivity to tuberculin 
walks in a charmed circle of safety, has been replaced by the 
fact that such persons walk within the circle where all illness and 
death from tuberculosis occur. 


The program early adopted by the National Tuberculosis Asso- 
ciation and practically every health organization, including the 
United States Bureau of Animal Industry, designed to prevent 
first infection with tubercle bacilli has proved to be the only 
method by which the disease can be adequately controlled and 
ultimately eradicated. 


The Leprosy Example 


Centuries ago a strikingly similar method was employed success- 
fully in the control and eradication of leprosy. This disease had 
long been the scourge of mankind. It was present in Palestine 
throughout the period of the writing of the Old and the New 
Testaments. It was the common chronic disease in Western Europe 
in the 13th and 14th centuries. Long before Hansen discovered the 
bacillus of leprosy (1874), its contagiousness was recognized. It 
became obvious that the only method by which it could be con- 
trolled was to isolate all lepers. This was undertaken on a tre- 
mendous scale. In Western Europe alone, 20,000 or more, and in 
England, 200 or more leprosariums were provided for the isolation 
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most lepers had lesions on exposed parts of their bodies such as 
the hands and face, diagnosis was a simple procedure. Thus, 
practically all lepers were detected and isolated. By this method 
leprosy was eradicated from England and most of Western Europe 
by the end of the 16th century. 


Similar control and eradication of tuberculosis was long handi- 
capped because most persons with contagious disease had no 
visible manifestation on the exposed surfaces of their bodies. 
Lesions were in internal organs, especially the lungs. Only within 
the present century has it become possible to detect all persons 
harboring tubercle bacilli. Those with macroscopic lesions in the 
lungs are usually found by the x-ray shadows they cast. Not all 
shadow-casting lesions are tuberculous, and not all tuberculous 
lesions found are contagious. However, our differential diagnostic 
armamentarium enables us to determine in most cases which 
shadow-casting lesions are tuberculous and also which of them 
are progressive and contagious. 


Most persons who have tuberculosis at any given time do not 
have shadow-casting lesions; however, their disease is readily de- 
tected by the tuberculin reaction. It is well known that every 
characteristic tuberculin reactor is a potential case of clinical 
tuberculosis. Those in whom the disease is destined to evolve to 
clinical proportions when examined periodically usually have their 
lesions detected before they cause illness or become contagious. 
The efficacy of our methods of isolation and treatment has been 
proved beyond doubt. 


Although more effort is required to find tubercle bacilli in 
human bodies than to diagnose leprosy by superficial skin lesions, 
they can practically all be found with considerable promptness. In 
fact, we now have the advantage over those who controlled leprosy 
in being able to find persons who have tubercle bacilli in their 
bodies before clinical lesions appear. 


Thus, centuries after leprosy was eradicated from England and 
most of Western Europe, a tremendous tuberculosis problem exists 
in many parts of the world which can now be eradicated by essen- 
tially the same methods as were employed in leprosy. 


David T. Smith has pointed out that our European ancestors 
of the Middle Ages did a thorough and efficient job in the control 
of leprosy and set up standards which we, with all our modern 
advantages, have not equaled for tuberculosis. He states that every 
individual with active tuberculosis must be detected, isolated and 
treated until he is no longer infectious, as this constitutes the only 
sure way to eliminate tuberculosis. 
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Vantage Ground Acquired 


The diminished incidence of primary tuberculous infection in 
this country has placed tuberculosis workers on the most secure 
ventage ground of all time. It has brought tuberculosis into bold 
relief so the most refined armamentarium is applicable. In some 
areas the incidence of primary infection has been so low that 
refined methods have been employed for a quarter of a century, 
during which their efficacy has been thoroughly established. These 
refined methods begin with the pre-infection stage, and the first 
step consists of detection of the presence of tubercle bacilli at 
the earliest possible moment among those who become infected. 
This is attainable only by the tuberculin reaction, which is de- 
pendent upon the establishment of sensitivity to tuberculoprotein 
in the individual's tissues. 

Within an hour after tubercle bacilli invade the body, they are 
focalized in various points and lesions begin to form. These lesions 
are microscopic and can be found by no phase of the examination 
of the living body for several weeks (three to seven). At the end 
of this time allergy has usually reached such a degree that its 
presence is readily detected by the tuberculin reaction. At this 
time no other phase of the examination reveals the presence of 
tuberculosis in more than an exceedingly small percentage of those 
who have it. There are no external manifestations indicating ill- 
ness or abnormal physical signs by the conventional examination. 
X-ray shadow-casting lesions may be seen in five to eight of each 
hundred who have just become reactors to tuberculin. The chests 
of the other 92 to 95 per cent are entirely clear on x-ray inspection 
because (a) the lesions are too small or not dense enough to be 
revealed by this macroscopic method. (b) They are obscured from 
view by the shadows of other organs such as the heart and dia- 
phragm, which amounts to about 25 per cent of the lungs. (c) They 
may be extrathoracically located. Nevertheless, the tuberculin re- 
action indicates the presence of allergy and of tubercle bacilli, 
both of which are prerequisites for the development of clinical 
tuberculosis. 

The tuberculin test is the radar of tuberculosis. With uncanny 
accuracy it locates the persons and animals quickly and inex- 
pensively who have primary lesions containing tubercle bacilli in 
their bodies. A long step was taken when Koch isolated the tubercle 
bacillus. This afforded one of our only two specific findings in the 
diagnosis of tuberculosis. However, it was soon learned that the 
great majority of persons who have tuberculous lesions in their 
bodies at any given time do not eliminate tubercle bacilli. Usually 
it is only those in whom gross lesions develop and often after 
great destruction has occurred that tubercle bacilli can be found 
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in the secreta, excreta, bone marrow, spinal fluid, pleural fluid, 
etc. By the time tubercle bacilli can be found in sputum, the dis- 
ease is already contagious and usually in an advanced stage. 

Although sensitivity to tuberculoprotein is the indispensable 
ally of the tubercle bacillus in causing destructive disease, man 
learned how to detect its presence by the simple and harmless 
tuberculin reaction. He then learned that every person and animal 
presenting a characteristic tuberculin reaction has tuberculous 
lesions containing tubercle bacilli. Thus, without actually seeing 
tubercle bacilli through the microscope one accurately determines 
their presence by the reaction to tuberculin. 

Knowing that tubercle bacilli are in a human body, one also 
has gained the information that a contagious case of tuberculosis 
has been in contact with that person. Examination of contacts of 
tuberculin reactors often reveals unsuspected contagious cases of 
tuberculosis. The tuberculin test when properly used is our best 
epidemiological agent. 

It is only by the tuberculin reaction that one is able to determine 
quickly and accurately the effectiveness of a tuberculosis eradi- 
cation project. This is accomplished by periodically testing children 
born since the program began and comparing the incidence of 
reactors in the same age groups which obtained prior to the project. 

As yet we have no way to determine which persons who develop 


= primary infections will have clinical lesions evolve; therefore, all 
tuberculin reactors must be kept under close surveillance in order 
, to detect lesions which attain gross proportions as soon as possible. 
¥ | The best method of finding these evolving lesions in the lungs is 


by periodic x-ray inspections of the chests of tuberculin reactors. 
In vast areas of the United States the number of reactors to 
tuberculin has become so small that it is physically possible to 
find all of them and inspect their chests frequently by x-ray films. 
Periodic examinations of these tuberculin reactors should be com- 
plete. They should always include but never be limited to x-ray 
inspection of the chest because of the possibility of the develop- 
ment of extrathoracic lesions. 

When x-ray shadow-casting lesions appear they must be care- 
fully investigated with reference to etiology. Those persons proved 
to have progressive tuberculosis should be treated and those who 
are eliminating tubercle bacilli through the sputum should be 
under strict contagious disease technique. 


Eradication Attainable Through Persistent 
and Prolonged Effort 


As the incidence of primary tuberculous infection decreases, our 
vantage ground improves. We have the advantage of the veter- 
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inarians’ experience and accomplishment with large areas of the 
United States where the tubercle bacillus has been eradicated 
from the cattle herds and with an extremely small amount of 
tuberculosis among cattle of the entire nation. This country no 
longer has to expend vast sums of money in reimbursing owners 
of cattle for those condemned to rendering tanks. Funds are now 
being spent more profitably to test and retest animals periodically 
and thus find a high percentage of those that have become infected 
before the disease is contagious and when little loss is suffered 
by the owners. 

Among humans, to a great extent caring for the ill and dying 
will gradually be obviated and thus money and personnel can be 
transferred to more refined activities. Chronic pulmonary lesions 
that are detected as soon as possible after they start to evolve 
require much shorter periods of treatment than those of long 
duration and many of them do not need hospitalization. Most of 
them can be prevented from becoming contagious and thus the 
tubercle bacillus can not perpetuate itself in other human and 
animal bodies. 

Despite the rapid decrease in the incidence of primary tuber- 
culous infection there are still in most communities a sizable 
number of persons who have already acquired such infections, 
many of which occurred before the present excellent tuberculosis 
control program was well under way. These must be found and 
watched. 

Since 1940 our tuberculosis problem has been increased by per- 
sons who acquired primary infection elsewhere. During World War 
II and immediately thereafter, approximately 15 million of our 
citizens in military service were sent to nations where much 
contagious tuberculosis still exists. No one knows the exact number, 
but many developed primary tuberculous infections before dis- 
charge from military service. In South Korea, before the present 
war the tuberculosis mortality rate was reported as 1000 per 
100,000. Obviously many of our citizens stationed there have and 
are acquiring primary infections. This also applies to some degree 
to those who in recent years have been stationed in other parts 
of the world where tuberculosis is still prevalent. 

In the past few years several hundred thousand displaced per- 
sons have been located in the United States. For the most part 
they had spent their lives in countries where approximately all 
adults have primary tuberculous infection; therefore it is assumed 
that practically all displaced persons have such infections. They 
must be located and kept under close observation as many of 
them are sure to develop clinical tuberculosis. 

It has been estimated that from 3,000,000 to 5,000,000 aliens 
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have entered this country illegally. They are said to be from 
countries where tuberculous infection is well nigh universal among 
adults. As yet, there appears to be no way to locate them for 
periodic examination. It seems unlikely that those who develop 
clinical tuberculosis will seek care until totally incapacitated. Thus 
they will disseminate tubercle bacilli among their associates. 

It has long been known that primary tuberculous infections 
“purn out.” How often this occurs has not been determined. Recent 
observations suggest that all bacilli die in lesions of primary in- 
fections more often than was formerly believed. However, it seems 
doubtful that this number would offset the primary infections this 
country has acquired through military personnel, displaced per- 
sons and illegal aliens. 

In most communities there is enough refined work to keep all 
tuberculosis societies, other organizations and the medical pro- 
fession busy considerably beyond the lifetime of anyone now 
engaged in the tuberculosis eradication program. It is unfortunate 
that officials of many tuberculosis organizations apparently believe 
their job is about done and therefore they should engage in other 
endeavors. There is not a tuberculosis organization in this country 
that has completed the first half of its job. To base conclusions 
on mortality and morbidity rates or the number of persons found 
with gross lesions, not yet ill, is false. It is the number of persons 
in each community whose bodies contain primary tuberculous in- 
fection that constitute the only accurate criterion of the tuber- 
culosis problem of the future. 

Wherever the incidence of primary infection is high, one finds 
correspondingly high morbidity and mortality rates. In nations 
where primary infection is universal among adults, one-fourth to 
one-third of deaths from all causes are due to tuberculosis. On the 
other hand, wherever the incidence of primary infection has been 
reduced there has occurred a decrease in morbidity and mortality 
rates. In the United States, in 1948, of all causes of death tuber- 
culosis was responsible for only 2.4 per cent among the white and 
7.1 per cent among the Negro population. In some of the states 
where special effort has been made to prevent primary infections 
the percentage of deaths from tuberculosis has markedly decreased. 
In 1910, among deaths from all causes in Minnesota 10 per cent 
were due to tuberculosis, whereas in 1950, it was only 1.17 per cent. 
In this state the morbidity rate has so decreased that some of 
the smaller sanatoriums have been closed. 

Eradication of primary infection must be our goal. There are a 
good many entire counties in the United States at this moment, 
any one of which by adequate support could within a reasonable 
period of time have the recognition of being the first area of its 
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kind in the world to have exterminated the tubercle bacillus. 

Now that the number of persons whose bodies contain tubercle 
bacilli has so markedly decreased; the presence of these primary 
infections can be determined within less than two months after 
the invasion of tubercle bacilli; those with such infections who 
are destined to develop chronic reinfection type of pulmonary 
disease can usually have such lesions detected on an average of 
two and one-half years before they cause illness or become con- 
tagious; and since such lesions can usually be treated successfully, 
the stage is set for reducing the incidence of primary tuberculosis 
to the vanishing point. 


SUMMARY 


1) Primary tuberculous infection is the fountainhead of all 
tuberculosis. 

2) Most attempts to control this disease have been directed 
against gross lesions while primary infections were unmolested 
and even encouraged. 

3) Early in the 20th century in the United States a small group 
of physicians began to advocate protection of children from pri- 
mary infections 

4) This was strenuously opposed on the ground that such in- 
fections protect against subsequent clinical disease. 

5) The opposition was partially overcome and sanatoriums were 
built for the isolation of persons with contagious disease. A nation- 
wide educational campaign was instituted. Veterinarians organized 
a national tuberculosis eradication program which was a potent 
factor in preventing primary infection in people and animals. 

6) Accomplishments were phenomenal. Mortality rates for al! 
ages in the United States decreased 82 per cent between 1915 and 
1949, and 94 per cent among infants during the same period. In 
New York City, among children under 15 years old the mortality 
rate decreased approximately 94 per cent between 1915 and 1948. 
The primary infection attack rate tumbled to less than 1 per cent 
per annum in many places, a small fraction of 1 per cent in others, 
and primary infections disappeared among children of many entire 
schools. 

Condemnation of carcasses of cattle to rendering tanks decreased 
98.6 per cent between 1917 and 1951. By 1951 the incidence of tuber- 
culous infection among cattle had decreased to 0.14 per cent. In 
large areas primary infection has been eradicated from cattle. 

7) As the work progressed, erroneous theories were replaced by 
facts, as follows: (1) The bovine type of tubercle bacillus long 
thought to be of low virulence for man produces as incapacitating 
and killing disease in people as the human type of bacillus. (2) The 
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bovine type of bacillus, as it occurred in dairy products so highly 
recommended to protect children against later clinical disease, 
was found not only unsafe, but possesses no dependable immuniz- 
ing quality. (3) Protecting people and animals from primary infec- 
tions would create ‘virgin soil’’ for later attacks of tuberculosis 
was found to have no factual basis. Both people and animals 
respond to primary infection in adulthood as they do in the early 
years of life. 

8) The diminished incidence of primary infection has afforded 
the opponents of tuberculosis the best ventage ground of all time. 
The tubercle bacillus has been brought into bold relief where it 
can be attacked directly by refined methods. 

9) This situation permits extensive use of the tuberculin test 
by which the presence of primary infection can be detected within 
two months after the invasion with tubercle bacilli occurs. Periodic 
x-ray film inspection of chests of tuberculin reactors locates 
chronic reinfection type of pulmonary lesions on an average of 
two and one-half years before they cause symptoms and usually 
before they liberate tubercle bacilli. Lesions found in this stage 
of evolution can usually be successfully treated in much less time 
than those which have become more advanced and are contagious. 

10) This method has been in use sufficiently long and in large 
enough areas to establish its efficacy. It is the only method known 
today by which tuberculosis can be eradicated. 

11) By isolating lepers in leprosariums to protect the public 
against contagion leprosy was eradicated from England and most 
of Western Europe by the end of the 16th century. Eradication 
of tuberculosis can be accomplished as it was in leprosy by pre- 
venting primary infections from developing in uninfected people 
and animals. Such infections have already been prevented in a 
large segment of our human and animal population. Continuation 
of the present methods is adequate. Eradication of tuberculosis in 
any community or nation can be announced, not when people and 
animals stop falling ill and dying, but when primary infections 
have vanished. 


RESUMEN 

1) La infeccion primaria tuberculosa es el venero de toda tu- 
berculosis. 

2) La mayoria de los intentos de dominio de esta enfermedad 
se han dirigido contra las lesiones gruesas en tanto que las infec- 
ciones primarias han sido intocadas o aun alentadas. 

3) Al principio del siglo XX en los Estados Unidos, un pequeno 
grupo de médicos empezaron a recomendar la proteccién de los 
ninos contra la infeccién primaria. 
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4) Esto fué tenazmente combatido sobre la base de que tales 
infecciones protegen contra la enfermedad clinica subsecuente. 

5) La oposicion fué parcialmente vencida y se construyeron sa- 
natorios para el aislamiento de personas con la enfermedad con- 
tagiosa. Una campafna en toda la nacién a fin de educarla, se 
emprendio. Los veterinarios emprendieron la erradicaciOn nacional 
de la tuberculosis lo que fué un factor de gran poder para pre- 
venir la infeccion primaria entre las gentes y entre los animales. 

6) El resultado fué fenomenal. La mortalidad para todas las 
edades en los Estados Unidos decrecié 82 por ciento entre 1915 y : 
1949, y 94 por ciento entre los nifos pequenhos durante el mismo 
periodo. En Nueva York, entre nifios menores de 15 anos la mor- 
talidad decrecié aproximadamente 94 por ciento entre 1915 y 1948. 
El ataque de la infecci6én primaria cay6é a menos de 1 por ciento 
por alo en muchos lugares, una pequefia fraccién del 1 por ciento 
en otros y la infecciOn primaria desaparecio entre los nifios de 
muchas escuelas. 

El destino de los cadaveres de animales de ganado a los tanques 
de destruccién descendiéo entre 1917 y 1951. En 1951 la incidencia 
de la infeccioén tuberculosa en el ganado decrecio a 0.14 por ciento. 
En grandes regiones la infeccién primaria del ganado fué su- 
primida. 

7) A medida que la tarea progresoé las teorias errdneas fueron 
substituidas por los hechos, asi: (1) El tipo de tuberculosis bovina 
que por mucho tiempo se crey6 era de poca virulencia para el hom- 
bre, produce una enfermedad incapacitante y mortal en las per- 
sonas asi como el bacilo humano. (2) El bacilo de tipo bovino, 
como se encontraba en los productos de la leche tan altamente 
recomendado para proteger a los nifios contra la enfermedad cli- 
nica mas tarde, fué encontrado no solamente inseguro sino que 
no posee cualidades inmunizantes de confianza. (3) No se ha en- 
contrado base en los hechos, al concepto de que al protegerse a 
las personas y a los animales contra la infeccién primaria se 
crearia “terreno virgen” para los ulteriores ataques de la tuber- 
culosis. Tanto las personas como los animales responden en la 
edad adulta como lo hacen en la infancia. 

8) La menor incidencia de la infeccién primaria ha propor- 
cionado a los luchadores contra la tuberculosis las mejores posi- 
ciones de combate de todos los tiempos. Asi el bacilo tuberculoso 
ha sido puesto de relieve donde puede ser atacado directamente 
por los métodos mas refinados. 

9) Esta situaci6n permite el uso extenso de la reaccién de la 
tuberculina por la que la presencia de la infeccién primaria puede 
ser descubierta dentro de los dos meses de la invasién por el bacilo 
tuberculoso. La inspeccién periddica por la pelicula de rayos X de 
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los reactores a la tuberculina localiza las lesiones de reinfeccién 
cronica en un término medio de un anho y medio antes de que 
causen sintomas, y generalmente antes de que liberen bacilos al 
exterior. Las lesiones encontradas en esta etapa de evoluciOn pue- 
den tratarse generalmente en un tiempo mucho menor que las 


que han llegado a la etapa mas avanzada y son contagiosas. 


10) Este método ha estado en uso por un tiempo suficientemente 
largo y en regiones grandes para demostrar su eficacia. Es el unico 
método conocido hoy por el cual puede erradicarse la tuberculosis. 


11) La lepra fué suprimida en Inglaterra y en la mayoria de 
los paises de Europa Occidental al final del siglo XVI por el aisla- 
miento de los leprosos en los leprosarios para proteger al publico 
del contagio. La supresién de la tuberculosis puede lograrse como 
para la lepra evitando que las infecciones primarias se desarrollen 
en las personas y en los animales no infectados. Tales infecciones 
se han prevenido en una parte grande de nuestra poblacion hu- 
mana y animal. La prosecusién de estos métodos es adecuada. La 
erradicaciOn de la tuberculosis en cualquier grupo humano o 
naciOn puede anunciarse, no cuando la gente y los animales dejen 
de caer enfermos y de morir, sino cuando las infecciones primarias 


desaparezcan. 
RESUME 


1) La primo-infection est la source de toute la tuberculose. 

2) De nombreuses tentatives pour lutter contre la tuberculose 
ont été dirigée contre les lésions importa tes alors qu'on ne faisait 
rien pour étouffer la primo-infection, et qu’au contraire quelque- 
fois on en favorisait l'apparition. 

3) Trés tot, au début du XXéme siécle aux Etats-Unis, un petit 
groupe de médecins commenca a soutenir la nécessité de prendre 
des mesures de précaution contre la primo-infection. 

4) On opposa fortement a cette tentative la notion que de telles 
infections sont une protection contre la maladie ultérieure. 

5) L’opposition fut partiellement vaincue, et l’on construisit des 
sanatoriums pour les malades atteints de formes contagieuses. 
Une campagne d'éducation nationale fut instituée. Les vétérinaires 
organisérent un programme national d’éradication de la tuber- 
culose, qui fut un élément puissant dans la prévention de la primo- 
infection de (homme et de l’animal. 

6) Les réalisations furent considérables. Aux Etats-Unis, les 
moyennes de mortalité pour tous 4ges diminuérent de 82% entre 
les années 1915 et 1949; pendant la méme période, cette diminution 
fut de 94% chez les nourrissons. Dans la ville de New-York, pour 
les enfants Agés de moins de 15 ans, la moyenne de mortalité di- 
minua approximativement de 94% entre 1915 et 1948. Les mani- 
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festations de la primo-infection tombérent a une petite fraction 
de 1% dans d'autres. Les primo-infections disparurent compléte- 
ment chez les enfants dans de nombreuses écoles. 

Le nombre de cadavres de bétail éliminés du marché diminua 
de 98.6% entre 1917 et 1951. En 1951, la fréquence de l'infection 
tuberculeuse chez le bétail tomba a 0.14%. Dans de vastes terri- 
toires, |a primo-infection du bétail & été complétement supprimée. 

7) A mesure que le travail s’'avancait, les théories fausses furent 
remplacées par les faits suivants: (a) le bacille tuberculeux bovin 
longtemps considéré comme étant de moindre virulence pour 
homme est susceptible d’étre a l’origine d'une maladie qui créé 
autant d'‘invalides et de morts que le bacille de type humain. 
(b) Le bacille bovin qui avait été considéré comme capable de 
protéger les enfants contre la tuberculose ultérieure se montra non 
seulement dangereux mais encore incapable de créer une immu- 
nité. (c) On ne trouva aucun fondement solide a la notion que la 
protection des hommes et des animaux contre la primo-infection 
était susceptible de créer un terrain vierge sensible 4 des attaques 
ultérieures de la maladie. En effet, aussi bien les hommes que les 
animaux se comportent devant la primo-infection de la méme 
facon lors-qu'ils sont adultes que dans les premiers Ages de leur vie. 

8) La diminution de la primo-infection a permis a tous les mo- 
yens de lutte contre la tuberculose d’obtenir une situation supé- 
rieure a celle qu’ils ont jamais eue. Le bacille tuberculeux peut 
maintenant étre attaqué par de nouvelles méthodes. 

9) Cette situation permet l'usage étendu de tests tuberculiniques, 
grace auxquels l’existence de la primo-infection peut étre décelée 
dans les deux mois qui suivent l'infection par le bacille. Des 
radiographies systématiques du thorax chez les porteurs de réac- 
tions positives montrent l’existence de lésions pulmonaire chroni- 
ques de réinfection, dans une moyenne de deux ans et demi avant 
qu’apparaisse le moindre symptOme et habituellement avant que 
soient mis en liberté des bacilles tuberculeux dans l’expectoration. 
Les lésions qui sont découvertes 4 ce moment de |’évolution sont 
habituellement susceptibles d'etre traitées avec succés en beaucoup 
moins de temps que celles qui sont plus avancées et qui appar- 
tiennent a des formes contagieuses. 

10) Cette méthode a été utilisée depuis un temps suffisamment 
long et dans un dommaine suffisamment étendu pour prouver son 
efficacité. C’est la seule méthode que nous connaisson actuellement 
qui puisse amener |'éradication de la tuberculose. 

11) En isolant les malades dans les léproseries, de facon a 
protéger l'ensemble de la population contre la contagion, on a pu 
supprimer la lépre en Angleterre et dans la plus grande partie de 
l'Europe Occidentale dés la fin du 16@me siécle. On peut supprimer 
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radicalement la tuberculose, comme on l’a fait pour la lépre en 
empéchant les primo-infections chez les individus et les animaux 
non infectés. Ces infections ont déja été prévenues dans un large 
secteur de notre population humaine et animale. Il est judicieux 
de continuer les méthodes actuelles. On a le droit d’annoncer 
l'éradication de la tuberculose dans certaines collectivités ou cer- 
taines nations non pas quand les individus et les animaux cessent 
d'étre atteints de la maladie et d’en mourir, mais a partir du 
moment ow les primo-infections ont disparu. 


Discussion 


ROBERT J. ANDERSON, M_.D., F.C.C.P. 
Washington, D. C. 


In the time allotted to me I shall comment on but a few of the 
points raised in Dr. Myers’ comprehensive presentation. What I 
shall express are some of my thoughts which are stimulated by 
his paper. 

In order to tailor a tuberculosis control program to the tuber- 
culosis problem in any area it is necessary that we have a knowl- 
edge of how individuals in the community are affected by tuber- 
culosis. We know that the pattern of interplay between the bacillus 
and the host varies considerably between different communities 
and different sections of communities. To learn what these pat- 
terns are requires longitudinal study of representative groups of 
the local population by age, race, sex, and location, utilizing 
tuberculin sensitivity status, morbidity status and mortality events 
as measurable occurrences in the evolution of tuberculosis. Such 
data can best be presented by life-table techniques to show chang- 
ing conditions. For example, the newer techniques of therapy may 
not change the final case fatality ratio but might greatly prolong 
the years of life for each case. 

There are few communities that have done this. That it must 
be done, however, is indicated by the many reports that are at 
variance with each other. For instance, while Dr. Myers takes the 
position that clinical disease commonly develops many years after 
infection with tuberculosis, others feel that it is in the first two 
years after infection that an individual is at great risk of develop- 
ing clinical disease. 

Factors contributing directly and indirectly to man’s resistance 
to tuberculosis are so many and so indefinite and the distribution 
of tuberculosis so wide, it seems unlikely that the effect of a 
“virgin soil” will be clearly demonstrated in our lives. Certainly 
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we have not yet seen evidence that epidemics of tuberculosis result 
even in the presence of the decreased tuberculin sensitivity which 
has been attained in the United States. The tuberculinization 
theorists may advance the counter proposition that we have not 
yet arrived at a point where a high proportion of tuberculin 
negative persons have been present sufficiently long to reverse 
the downward sensitivity, morbidity, and mortality trend. But there 
is no evidence that any area which now has high sensitivity, 
morbidity, and mortality ever previously had such a low sensitivity 
Status that one could postulate that the present severe tuberculosis 
problem resulted therefrom. 

The bovine tuberculosis control program does give us warnings 
as well as examples. Despite widespread tuberculin testing of cattle, 
we can not say that tuberculosis has been eradicated in cattle if 
absence of primary infection is our measure of eradication. Yet 
much has been accomplished, as Dr. Myers has cited, through 
testing, condemnation and pasteurization. It is my understanding 
that the interval between tests has been greatly lengthened from 
one to six years. Since the normal life span of cattle usually runs 
from 7 to 9 years, this represents an enormous relaxation of 
vigilance against bovine tuberculosis. Today there are few known 
cases of bovine tuberculosis in humans. This low recorded inci- 
dence, however, may be only a reflection of incomplete laboratory 
diagnosis, where cultures—artificial and animal—are not used. 
I believe it timely for laboratories to institute procedures which 
will permit precise observations, and provide a better picture of 
the epidemiology of bovine tuberculosis among humans. 

Another thought which occurs to me concerns the title of Dr. 
Myers’ paper. I should like to turn it about and ascribe the dim- 
inished incidence of primary infection to the tuberculosis control 
program—a program which is aimed at eliminating exogenous 
infection through, first, source detection—whether it be by tuber- 
culin testing and periodic x-ray films of positive reactors, or by 
chest x-ray films alone—and, second, case isolation and manage- 
ment. Like him, I am convinced that vigorous prosecution of these 
principles will lead to rapid control, if not to eradication as Dr. 
Myers defines it. 
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Some Observations on the Testing 
of Pulmonary Function” 


C. A. FORSSANDER, M.R.CS., L.R.C.P. 
Vancouver. B. C., Canada 


“The final test for respiratory function of the lung” said the 
late Max Pinner' “is the maintenance of normal oxygen satura- 
tion of the blood within physiological limits of stress and a CO: 
output sufficient to maintain the normal CO: level in the blood.” 
In the normal lungs the arterial CO» tension remains constant 
even under severe exercise, whereas there comes a point at which 
the venous blood entering the inadequate lungs is not completely 
oxygenated. This is why one of the most satisfactory estimates 
of pulmonary function has been the clinical one, in which the 
clinician measures the amount of exercise the patient is capable 
of undertaking before signs of distress appear. For reasons which 
will be discussed presently, the accompanying changes in the 
arterial blood have not been used as a more exact means of 
measurement. 

The following experiments were undertaken in order to test a 
new method for sampling the alveolar air as an aid to the inves- 
tigation of pulmonary function without recourse to the uncertain- 
ties and difficulties of blood sampling and analysis. Grollman?’ 
for instance has pointed out that the introduction of a needle 
into an artery produces a rise in the cardiac output of at least a 
litre a minute, which is of course accompanied by changes in the 
composition of the circulating blood, and in order to eliminate 
such variations in the following experiments a plastic polyvinyl 
catheter was introduced into the brachial artery 30 minutes before 
sampling, using a technique described recently by Schnabel et al.* 
It was thus possible to obtain simultaneous blood and alveolar air 
samples from a series of seven young male subjects under condi- 
tions of absolute rest. The sampling was arranged in the following 
order: first. one blood sample was removed, an amount sufficient 
for two analyses, followed immediately by three alveolar air sam- 
ples at two minute intervals, and finally by another blood sample. 
On two subjects (one and three) it was not possible to obtain 
the second blood sample. 

Since the method used for collection of the alveolar air is de- 

*This experimental work was carried out in the Department of Phys- 


iology, School of Medicine, University of Pennsylvania, Philadelphia, 
Pennsylvania, with the aid of a grant from the American Heart Assn. 
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scribed in detail elsewhere** it will only be outlined as follows: 
The subject breathes at rest through a rubber mouthpiece at B 
(Figure 1) with his nose clipped. When the operator desires to 
collect a sample of the alveolar air, the tap A is turned through 
one complete rotation at the moment that the rubber indicator 
at H has reached its maximum swing, and is beginning to drop 
back into place, that is, at the end of a normal expiration, so that 
the whole procedure may be complete before the next inspiration 
starts. This manouver shuts off connection with the outside air at 
H during the whole rotation, and also brings into action the 
previously evacuated rubber bulb E which removes 180 cc. of gas 
from the oral cavity. The bulb washes out the lead with alveolar 
air, and immediately afterwards brings the evacuated barrel F into 
communication with the lead, thus collecting an uncontaminated 
sample of alveolar air, and returning the tap A to room air in time 
for the next inspiration. The tube is then removed and the con- 
tents analyzed in the Scholander one-half cc. analyzer. 

(It may be noted that the same procedure is followed when gas 
mixtures are being breathed instead of room air, for the purpose 
of collecting a sample of ‘“‘venous” alveolar air.°®° The mixture is 
introduced from the rubber bag K which is connected to a con- 
tinuous stream of gas from a cylinder and fitted with a “flutter” 
valve to keep the pressure constant. The subject is switched from 
room air to mixture by pulling over the lever G at the end of a 
normal expiration, so that the mixture is in position for the next 
inspiration without disturbance to the respiration. In the diagram 
the slide valve is shown fitted with a manifold of several rubber 
bulbs instead of the usual one, to permit of the simultaneous re- 
moval of any desired volume of gas, should it be necessary to 
examine the composition of the alveolar air at any desired depth 
in the lungs. After the required number of breaths (one or two 
according to which method is employed), tap A is turned and a 
sample of alveolar air collected. Although estimations of the 
venous CO» tension, CO» output, and cardiac output were carried 
out at the same time in the present series, it is not proposed to 
include them, but attention is drawn to the separate publication,’ 
in which it is shown that, providing enough CO: is inspired, the 
pulmonary vascular bed appears to assume the CO» tension of the 
incoming venous blood within the space of a few seconds, the 
surplus COs being as quickly removed by the pulmonary vein. This 
presents a means of estimating the CO» tension of the venous 
blood entering the lungs, giving further information regarding 
the pulmonary circulation). 

Table I shows how closely the CO: tension of arterial blood and 
alveolar air agreed in the foregoing experiments. There is in fact 
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FIGURE 1: Modification of the Forssander-White apparatus for 
examining the arterial and venous alveolar air. 


. Sampling tap. This connects mouth to room air only in one position 


in the full rotation. 
Mouthpiece, with tube leading to suction tube. 


- Suction tube communicating consecutively with rubber bulb and 


evacuated sample barrel during one complete rotation. 


». Clasp, rotated by Tap A, which holds the cock of suction tube. 


© 


Rubber bulb of 180 cc. capacity which evacuates oral cavity and 
washes leads out with alveolar air. 

Evacuated sampling barrel. 

Handle to enable slide valve to be moved from room air to bag aper- 
ture rapidly. 

Room air aperture, with latex indicator. 

Opening for suction manifold, which is applied automatically during 
the passage of the slide valve. 

Bag aperture, to which is affixed a 2 litre rubber bag containing gas 
mixtures. 

Rubber bag. 

Expiration “flutter” valve, which maintains a constant pressure in 
the bag 

Inlet for COs mixture supply. 


. Gas cylinder 


Mercury reservoir for evacuating sampling barrel. 
Manifold, to which any desired number of evacuated rubber bulbs 
may be fixed 


. Point at which an expiratory valve may be fixed if required. 
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no statistical difference. If we examine the difference of the means 
(since all the results are so close), this is seen to be only .11 mm. 
Hg. provided we reject the results on subject number six where, 
even neglecting the first high blood sample (45.5) the difference 
between blood and alveolar air is still definitely larger than the 
rest. However, if we include subject number six, omitting the high 
result, the difference of the means is only 0.05, which is still well 
within the range of the experimental error. 

This confirms in the most direct manner that the relationship 
between the blood and alveolar air carbon dioxide is intimate, and 
that changes in the partial pressure of carbon dioxide in the 
arterial blood can be examined satisfactorily without recourse to 
blood sampling. The importance of this is discussed below, since 
it has not hitherto been possible to examine the uncontaminated 
alveolar gases without co-operation from or disturbance to the 
patient. 


Discussion 


The clinician requires a procedure which does not demand a 
trained staff for application and interpretation, and which can 


TABLE I 


Subject Arterial Blood CO, Alveolar Air CO, Difference Percentage 
mm. Hg.i1) mm. Hg.‘2) (ab-ib) Difference 
(a) ib) 


Mean 


35.0 35.0 34.07 


38.8 
39.4; 39.1 39.20 


34.5 34.5 35.01 


44.5 
44.3 44.4 45.30 + 0.90 


43.8 | 
41.0 { 424 41.79 -0.61 


(45.5) 
39.7 39.7 38.49 1.21 


41.5 | 

403 ; 409 41.59 +0.59 

Mean 39.8 39.49 0.11 
(Omitting subject 6). Average per cent difference 


(1) On subjects one and three blood samples were taken ‘(by means of an 
indwelling polyvinyl catheter in the brachial artery) prior to sampl- 
ing the alveolar air. On the other dates blood samples were also taken 
after the alveolar air samples. 

(2) Each figure represents the mean of three consecutive alveolar air 
samples. 
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be used on sick people. He is interested in estimating the relative 
efficiency of emphysematous lungs, and in obtaining a reliable 
forecast of the functional result in his surgical cases. Unfortun- 
ately no current test alone is capable of giving reliable information 
under all circumstances, and the one most easily applied and in 
widest use, the vital capacity estimation, often presents serious 
divergences from the clinical assessment.’ It is essentially volu- 
metric and takes little account of changes in lung vascularity. 
Destruction of pulmonary vessels or pathological changes must 
inevitably reduce the total, and probably the relative vascular 
capacity. The extent of this ability to present an increasing volume 
of venous blood to the alveolar air for oxygenation is a measure 
of the efficiency of the lungs, and when this is exceeded in the 
course of effort the COs tension of the blood leaving the lungs 
rises, and subjective symptoms appear. 

The recent work by Glaser et al..." and by Kjellberg et al.” using 
radiological techniques gives strong support to the view that the 
lungs act as a physiological blood depot, a concept that had been 
substantiated by Mills'® in his investigations of the vital capacity. 
This is important if we consider that the efficiency of the lungs 
may be judged by their ability to aerate an increasing volume of 
venous blood, primarily a vascular problem only indirectly related 
to the vital capacity. The experiments of Borden et al.'' supply 
corroboration; pressures were taken from the pulmonary arteries 
of emphysematous patients and found to be raised in spite of the 
cardiac output remaining normal, indicating an increased vascular 
resistance. These same workers also found’? that patients with 
severe emphysema have no ventilatory control over the CO» tension 
and pH of the arterial blood, so that whatever ventilation was 
achieved was ineffective, and with voluntary hyperventilation 
they found that there was only a small increase in excreted CO» 
(indicating a decrease in the efficiency of aeration) which con- 
trasted with the results in cardiac cases (where the pulmonary 
vascular bed was intact). Marchand et al.?* have carried out an- 
atomical studies of the vascular pattern in 39 normal lungs and 
24 diseased, and have found anastomoses between bronchial and 
pulmonary arteries more numerous in the diseased lungs, which 
they consider to be of very great importance in their effect on the 
haemodynamics of the pulmonary circulation in disease. 

An attempt has been made in Figure 2 to summarize these new 
findings diagrammatically as they suggest a “vascular reserve” in 
the lungs, physiologically as important as the vital capacity and 
potentially capable of measurement. 

Measurable variations in mixing of inspired gases with the 
alveolar air exist under some circumstances'* and the new “cap- 
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acity” terms referring to subdivisions of the lung volume, adopted 
at Atlantic City in April 1950,'° have some advantage in the 
clinical application of volumetric pulmonary function tests, but 
they do not entirely represent a break from the 19th century 
“mechanistic” concepts from which the science of Physiology is 
only gradually freeing itself, and it is evident that many apparent 
variations in the composition of the alveolar air reported in the 
past have actually been variations in the methods of collection 
and analysis. 

It is therefore important to define carefully what we expect of 
a pulmonary function test. Bateman'® feels that “the search for 
tests of adequacy of ventilation reduces essentially to the attempt 
to relate measurable respiratory characteristics to a more or less 
abstract system of unknown “alveolar” partial pressures and res- 
piratory deadspace, and to relate this, in turn, to the composition 
and distribution of blood entering and leaving the vessels of the 


Normal Lungs. Impaired Lungs. 
FIGURE 2 


. Alveolar air. 

. Pulmonary vascular bed. 

. Pulmonary vein. 

. Pulmonary artery. 

. Impaired portion of lung. 

. “Pulmonary vascular reserve.” 


Although A is reduced in the impaired lungs, and as a result the 
amount of oxygen available is less, the important feature is the accom- 
panying reduction in the vascular bed. While the cardiac output entering 
from the pulmonary artery remains a resting one, the area of blood 
presented for aeration may be adequate. An increase in the output of 
blood from the right ventricle, however, soon comes up against the limi- 
tation in the vascular bed, and more venous blood enters than can be 
efficiently oxygenated during its passage through the lungs; the CO» 
tension of the blood in the pulmonary vein rises, and subjective symp- 
toms appear. 
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lungs.” Some aspects of the problem have presented difficulties, 
and Ornstein et al.'*'* who have themselves made very interesting 
assessments of the vascular component of pulmonary function, 
have remarked that “a good deal of attention has been directed 
to the ventilatory phase of lung function, and too little to the 
diffusion of gases in the lung tissue.’ The reason for this has been 
the lack of an adequate technique for examining the blood-alveolar 
air relationship. It has been impossible to obtain a reliable esti- 
mate of the partial pressure of the gases in equilibrium with the 
blood in the pulmonary vascular bed, without disturbing that 
equilibrium, and thereby confusing the values obtained. 

The respiratory physiologist has approached from many angles 
with varying degrees of success; essentially his problems have 
divided into three parts: (a) Collection of alveolar air samples, 
(b) Analysis of the gas samples, and (c) Interpretation of changes 
in the composition of the alveolar air. 

(a) Collection of alveolar air has been most accurate when the 
subject has been trained to blow rapidly from his lungs into a 
long tube which has a sampling bottle attached at the end near 
the mouth. This method was found by Haldane and Priestley who 
described it originally,'° and many workers since, to give results 
which approximated very closely to the gas partial pressures in 
the blood. Even with this method, however, accuracy is only ob- 
tainable under certain conditions, and as a result a good deal of 
confusion has arisen. 

For instance, the subject must be trained to deliver samples 
smartly at the end of a normal expiration without any pause 
whatsoever. A common mistake is that expiration takes longer 
than normal because the subject has the impression that purer 
gas will come from the deeper parts of the lungs. In fact some 
writers make a point of insisting on a maximal expiration, al- 
though Haldane himself did not share this belief, the fallacy of 
which is shown by comparisons of the Haldane-Priestley method 
with the Oral Suction Method (infra), in which the efficient re- 
moval of only 180 cc. (a little more than the volume of the an- 
atomical deadspace) of gas from the oral cavity immediately at 
the end of a normal expiration produced results approximating 
very closely to Haldane-Priestley samples; and also by the experi- 
ments of Lambertsen et al.?° in which sampling was made from 
the last part of each normal expiration from the tracheal bifur- 
cation using a catheter inserted through the cricothyroid mem- 
brane, when no statistical difference was found between these 
samples, arterial blood, and Haldane-Priestley samples. In fact, 
as has been pointed out elsewhere®'! a deep expiration is likely 
to be fallacious as it is the equivalent of breath holding if the 
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time exceeds that normally occupied by the end expiratory pause, 
since venous blood is entering the lungs during that time. 

Herber?' has shown in dogs subjected to rebreathing that the 
alveolar CO: rises indefinitely until death, and Haldane?? tried to 
use this fact in order to estimate the CO» tension of the mixed 
blood, but failed because recirculation occurred before equilibrium 
could be established. Hamilton et al** have also pointed out that 
rebreathing and breath holding are physiologically similar and 
that the COs increase is due to the rising mean tension of the 
pulmonary vascular bed as the venous blood enters from the pul- 
monary artery. This is an important concept which has been 
neglected in considering changes in the alveolar air, and may be 
stated briefly as follows: During normal breathing the mass of 
blood in the lungs is of arterial composition, and any externally- 
imposed pause in the respiration results in an increase in the CO» 
content of the pulmonary vascular bed; the blood leaving the 
lungs is inefficiently oxygenated; the alveolar air (and blood) 
CO: rises steadily as venous blood enters from the pulmonary 
artery, and if the pause lasts more than about 12 to 15 seconds 
(less during exercise because of the increasing cardiac output) 
the CO: in the arterial blood leaving the lungs begins to re-enter 
the lungs on the venous side from the shortest routes (e.g. the 
coronaries) and the venous CO» (and therefore the alveolar air 
CO:) rises steadily. Although the complete pulmonary circulation 
takes about 10 seconds at rest,?* Roughton?® has recently shown 
that the time during which the blood is presented for gas exchange 
is less than a second, and it is possible to see how the entire vasc- 
ular bed responds so readily to changes in the partial pressure 
differences between incoming blood and alveolar air, when the 
time of replenishment of the alveolar air is delayed by a respiratory 
pause. Thus evidence accumulates and shows that some of the 
older ideas as to the nature of the pulmonary circulation will have 
to be modified. 

The deadspace air exerts a significant! influence on the com- 
position of the expired air,’ and also of the inspired air,*° and the 
real value of the forcible expulsion of gas is in the clearing action 
it has on the upper respiratory tract, where no respiratory ex- 
change is taking place. Therefore the force and time of the ex- 
pulsion is of more importance than the volume. Forssander® has 
shown by removing varying volumes of gas from the lungs that 
the CO: content is the same at different levels, providing the time 
is not variable, and providing also that the deadspace air is re- 
moved before sampling. 

Other methods relying on the principle of Voluntary Expulsion 
have not been so successful, for instance, the Henderson-Morris 
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method?’ requires the subject to suck acidulated water into a tube 
before delivery; the sample therefore contains an abnormally large 
amount of CO» owing to the delay. The Fridericia method has a 
similar error owing to the resistance to expulsion produced by the 
Shape of the apparatus. 

Riley et al.** devised an indirect method for calculating the 
composition of the alveolar air which is not subject to errors 
introduced by time and space factors, and this has been found 
to give good values, but has obvious limitations. 

Numbers of attempts have been made to design an automatic 
method, most of which have depended on some variation of the 
principle, introduced by Krogh and Lindhard?" of using the last 
part of the expiratory tidal volume. These methods have had the 
advantage that they require no co-operation from the subject, and 
therefore are potentially suitable for clinical application. However, 
they have all suffered from the disadvantage that the CO» tension 
of samples collected in this way was lower than that of the arterial 
blood. Rahn,*® whose method is one of the most recent, has found 
that his figures were on an average 2.5 mm. Hg. lower than those 
obtained by the Haldane-Priestley technique, and Lambertsen et 
al.2° have obtained similar results using Rahn’'s method. The reason 
for this difference is that end-tidal samples are diluted by the 
inspired air still contaminating the supra-glottic deadspace.’ 

This latter source of error has been attacked by means of the 
suction principle. Lambie and Morrissey*' devised a method in- 
volving a piston actuated by a series of electrical relays, in which 
they accepted consecutive identical samples as evidence that al- 
veolar air was obtained, but unfortunately the method was not 
standardized against blood samples or Haldane-Priestley samples. 
Forssander and White* developed the simple Oral Suction method 
which shows no significant difference from, and less variability 
than the Haldane-Priestley method and it has the special ad- 
vantage of being suitable for clinical application. Since the air 
of the deadspace is removed by suction prior to inspiration there 
is immediate and direct mixing between the inspired and alveolar 
air. Samples examined represent the composition of the respiratory 
gases at the moment of taking the sample, which has given addi- 
tional information not made available by methods in which the 
time element is variable. 

(b) Analysis of the alveolar air has been most successfully 
carried out by means of absorption techniques whereby the carbon 
dioxide and the oxygen in a gas sample are each absorbed and 
the reduction in the volume of the sample measured. The Haldane 
Gas Analysis Apparatus has been the best known, and recently 
Scholander*? has introduced an analyzer which has important ad- 
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vantages in that it requires only a half-cc. of gas, a few minutes 
for each analysis, and has an accuracy of 0.015 volumes per cent. 
This latter apparatus has opened up fields of respiratory investi- 
gation not previously possible. 

Numbers of continuous methods of analysis have been developed: 
the most important being described by Rahn*°; by Lilly** who has 
designed a nitrogen meter capable of measuring to the nearest 
0.5 per cent; the promising rapid infra-red COs analyzer at present 
being used by Dubois et al**; and the mass spectrometer applied 
by Stacey and Kidd.*° These methods as applied at present analyze 
the end-tidal air, not the alveolar air, but it should be possible to 
eliminate the deadspace contamination during the use of these 
continuous methods. In the meantime it is true to say that con- 
tinuous methods of analysis present variations which it is wise to 
bear in mind during interpretation, unless one is interested only 
in the broader changes in the alveolar air. 

(c) Interpretation of changes in the composition of the alveolar 
air always requires consideration in the light of the techniques 
employed: 

(1) Deadspace contamination has been referred to above, and 
is regarded by the present author as an important and frequent 
source of error.* The rate and manner of expulsion is likely to be 
different in sick and healthy people. and one must consider that 
variations in deadspace clearance can be interpreted as changes 
in intrapulmonary mixing. 

(2) Time has also been referred to. Many pulmonary function 
procedures require voluntary efforts on the part of the patient 
which necessarily demand a variable degree of breath holding 
This inevitably results in a rise in COe tension of the pulmonary 
vascular bed."! 

(3) Partial Pressure gradient between the blood in the pulmon- 
ary arteries and the alveolar air has been referred to by Stacey 
and Kidd.’ It remains to be seen whether pathological changes 
in the alveoli produce any measurable change in the gradient. 

(4) Deep inspirations must be considered in relation to varia- 
tions in the pulmonary vascular bed due to stretching of the 
vessels, time (supra) and mechanical mixing. 

(5) Mixing. From time to time since the early part of the century 
the hypothesis of unequal mixing of the inspired air with the 
alveolar air has been discussed. An intensive historical review has 
been made by Rauwerda.*® Various “fractional” sampling tech- 
niques have been attempted in order to estimate the composition 
of the air at various depths in the lungs, but the time elapsing 
between one sample and the next has always been long enough 
to make interpretation difficult; the introduction of the Oral 


é 
7 
. 
| 


636 C. A. FORSSANDER Dec., 1952 


Suction technique made possible the virtual elimination of the 
time element, and it was shown® that so far as CO: is concerned. 
under conditions of rest in the normal subject, the alveolar air is 
homogenous. Drift and delay in continuous analytical methods 
have to be considered, and also the fact that the composition of 
the end-tidal air varies with the part of the stream from which 
it is taken. The use of rubber bags in the study of mixing problems 
has always been a source cf confusion since it has been difficult 
to differentiate between mixing in the bag and in the lungs; the 
lungs in no way may be compared physiologically with bags (al- 
though they are commonly, but mistakenly), and rebreathing has 
had the disadvantage of adding an enormous extra deadspace with 
the attendant sources of error discussed above. Bazett et al.** have 
pointed out that although the impression can be drawn from past 
literature that adequate mixture of gases in the lung is not likely 
within 15 seconds with a quiet respiration, the altering ratios of 
the blood stream returning from different areas of the body (during 
the course of breath holding or voluntary breathing procedures) 
have caused unwarranted conclusions on gas mixing. 

It is evident that any method for estimating the efficiency of 
pulmonary function must be independent of a large number of 
possible sources of error. 
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SUMMARY 


In pathological conditions involving destruction or impairment 
of lung tissue the vital capacity is reduced; owing to the adapt- 
ability of the vascular system in the lungs there is not necessarily 
any direct relationship between the area of impaired tissue, or 
change in air-containing volume of the lungs, and the amount of 
blood that is exposed for aeration. The capacity of the pulmonary 
vascular bed may be adequate for a resting cardiac output of about 
five litres a minute, but even moderate exercise more than doubles 
this output of venous blood into the lungs, and the remaining 
“vascular reserve’’ may not be adequate to deal with the increased 
volume efficiently, in which case the COs tension of the blood in- 
creases. This increase can be measured by a simple method, and 
provides for investigation a means of observing the efficiency of 
pulmonary function. 
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RESUMEN 


En condiciones patologicas que incluyen destruccién o deterioro 
de el tejido pulmonar, la capacidad vital se reduce; debido a la 
adaptabilidad del sistema vascular en los pulmones no existe ne- 
cesariamente relacién entre el area de tejido deteriorado ni el 
cambio en el volumen de aire del pulmon, y la cantidad de sangre 
expuesta a la aeracién. La capacidad del lecho vascular pulmonar 
puede ser adecuada para un rendimiento cardiaco en reposo de 
cerca de cinco litros por minuto, pero aun el ejercicio moderado 
aumenta a mas del doble la entrada de sangre venosa a los pul- 
mones y la restante “reserva vascular” puede no ser adecuada para 
hacerse cargo del volumen aumentado eficientemente, en cuyo caso 
la tensi6n del CO» de la sangre aumenta. Este aumento puede ser 
medido por un método sencillo, y provee a la investigacién de 
medios para observar la eficiencia de funcién pulmonar. 


RESUME 


Dans certaines conditions anatomiques qui comprennent des 
destructions ou des lésions du tissu pulmonaire, la capacité vitale 
est réduite. En tenant compte des possibilités d’adaptation du 
systéme vasculaire dans les poumons, il n’y a pas nécessairement 
relation entre la surface de tissu lésé ou dans les altérations du 
volume contenu dans les poumons, et la quantité de sang qui est 
susceptible d’étre oxygénée. La capacité du systéme vasculaire du 
poumon peut convenir a un débit cardiaque en phase de repos 
d’environ cing litres par minute. Mais un exercice, méme modéré, 
peut plus que doubler le débit du sang venu dans les poumons, et 
la “réserve vasculaire” restante peut n’étre plus suffisante 4 con- 
tenter cette augmentation de volume. Dans ce cas, la tension du 
COz du sang augmente. Cette augmentation peut étre mesurée par 
une méthode simple et offre ainsi un moyen de mettre en évidence 
l'état de la fonction pulmonaire. 
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Philadelphia, Pennsylvania 


With the amazing recent development of cardiac surgery and 
its coming to mature stature as a recognized specialty, it was 
inevitable that the concept of exploratory surgery of the heart 
should soon be definitively promulgated. After all, exploratory 
surgery has long been accepted for obscure or uncertain condi- 
tions in practically every other part of the body. Why not for 
the heart? 

There are certain obvious reasons. First, the idea of surgery of 
the heart carries with it certain emotional reactions and inhibi- 
tions which interfere with calm, dispassionate and logical reas- 
oning. One must subconsciously insist—Why should they not be 
certain of the diagnosis before operation? Isn't the operative 
mortality very high even when the diagnosis is clearly recognized?” 
The second objection is based upon the realistic consideration 
that some severe cardiac cripples may not be able to stand ex- 
ploratory operation well. Suppose no definitive or corrective oper- 
ation is found possible? Will the patient survive the exploration? 

The former objection may be answered simply by pointing out 
that present diagnostic methods are not sufficiently accurate to 
certainly reveal the diagnosis preoperatively in all cases. Some 
15 to 20 per cent of cases will not be found diagnosable by 
diligent application of all our presently available clinical and 
laboratory facilities. Unless exploration is then carried out in order 
to clarify the diagnosis and in the hope of being able to immed- 
iately correct the abnormal condition by mechanical means, the 
patient must be denied his chance for improvement by surgery. 
The mortality of practically all extra-cardiac major vascular 
operations today is less than 10 per cent. The mortality for intra- 
cardiac operations is closely approaching that figure. Again, one 
must admit that even the most carefully established diagnosis 
may be found to be incorrect at the time of operation. Rather 
than to retreat in confusion, it is then the surgeon's duty to 
promptly identify the problem and to apply the proper therapy, 


‘Thoracic Surgery Department, Hahnemann Medical College and Hos- 
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if any. It must also be recognized that while the preoperative 
diagnosis may be confirmed at operation, additional unsuspected 
abnormalities may be found. They may then, under certain con- 
ditions, be more completely investigated by one of the methods 
detailed here, or perhaps may be immediately corrected. A word 
of caution—in surgery for one of the less serious defects with 
appropriately low mortality, one should not suddenly change to 
a more major procedure with higher mortality without discussing 
the graver problem at least with the patient’s family. 

The second objection is more valid. Certain seriously ill cardiac 
patients obviously cannot tolerate any major surgery. They, of 
course, must not be operated. Others would be able to tolerate 
surgery providing an advantageous modification or actual cor- 
rection of the diseased anatomical or physiological state could be 
accomplished, but would withstand it with difficulty if not relieved. 

Cases of cyanotic congenital heart disease frequently present 
this problem. Unless the cyanosis is improved by proper surgical 
means, a fair percentage of such cases will not survive exploration. 
The responsibility for advising and carrying out exploration must 
weigh especially heavily upon the physician under such circum- 
stances. He must consider the plight of the unfortunate patient 
if left alone, with respect to longevity, activity, and happiness. 
He must consider the most probable diagnostic possibilities and 
the likelihood that some surgical improvement may be accom- 
plished in any of these situations. He must consider the relative 
chances that may make for survival or death of this specific 
individual patient. The calculated risk then may be shared with 
the patient or his family. 

Exploratory surgery of the heart, as the name would imply, 
consists of exploratory operations performed in the hope that 
some definitive, corrective surgical maneuver might be feasible 
once the diagnosis is clarified. 

In one sense, all surgical operations upon the internal organs 
of the thorax or abdomen must be considered exploratory. Our 
existing diagnostic methods and criteria are far from being con- 
clusive in every case. Therefore, some percentage of supposedly 
certain diagnoses will be disproved at operation, usually with 
simultaneous substitution of more reliable ones. However, the 
specific term “exploratory” is understood to refer to operations 
performed in the absence of a definite diagnosis for a dual pur- 
pose—establishment of a diagnosis and immediate mechanical 
correction,—if possible. Ordinarily an exploratory operation is not 
employed until reasonably exhaustive non-surgical diagnostic 
studies have failed to reveal the diseased state. 

Because of the recognized seriousness of cardiac surgery and 
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also of cardio-vascular surgery (surgery of the great blood vessels 
in an attempt to correct a cardiac disability), all possible reason- 
able non-surgical diagnostic measures must be employed. Then. 
if the diagnosis still is not clear, if the apparent seriousness of 
the case requires taking any reasonable chance for correction. 
exploration may be contemplated. All reasonable contra-indica- 
tions to surgery in each specific patient must be observed. 
Exploration of the heart may logically be divided into three 
phases or stages of exploration. (1) Exploration limited to the 
intact outer surface of the pericardium and the adjacent great 
vessels in the mediastinum; (2) exploration of the interior of the 
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FIGURE 1: Palpation of thrill in pulmonary artery 
through intact pericardium. 
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pericardium, the surface of the heart and the surface of the 
intrapericardial great vessels; (3) exploration of the interior of 
the cardiac chambers and of the interior of the adjacent great 
blood vessels. 

(1) Inspection and palpation of the outer surface of the peri- 
cardium will tell us much about the size and contour of the heart 
Abnormal! thrills and pulsations will suggest certain obstructions, 
dilatations or abnormal communications. Palpation in the medias- 
tinum may reveal a patent ductus arteriosus or a coarctation of 
the aorta. Palpation of the aorta may reveal an aneurysm or a 
systolic thrill at its root, suggestive of aortic stenosis. Dissection 
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FIGURE 2: Tricuspid atresia manifested by hypoplasia of the right 
ventricle and pulmonary artery. 
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of the mediastinal tissues may reveal other abnormalities such 
as a double aortic arch or other type of vascular ring. Pressures 
may be determined in the pulmonary artery by direct insertion 
of a small needle through the wall of the vessel with suitable 
manometric equipment. Thickening of the pericardium, adherence, 
or the presence of pericardial effusion can be recognized (Figure 1). 

(2) Opening of the pericardium will permit inspection and pal- 
pation of the heart itself and will reveal much information. 
Pressure determinations may now be made accurately in any 
chamber or great vessel. The over-all size of the heart and the 
relative size of each chamber may be estimated. Whereas general 
conditions such as anemia may produce symmetrical dilatation 
of all chambers, most primary circulatory abnormalities specif- 
ically enlarge or diminish one or more cardiac chambers but not 
all. This differential from normal chamber proportion may be 
diagnostic. Thus, enlargement of the right auricle alone suggests 
a tricuspid stenosis. The right auricle, along with the right ven- 
tricle is greatly dilated in auricular septal defect and in cases 


FIGURE 3: Waist-like narrowing in the right ventricle indicating an 
infundibular septum obstructing the outflow tract. 
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where all or most of the pulmonary veins empty directly into the 
right auricle or into the venae cavae. 

Proceeding methodically with examination of the heart along 
the course indicated by the flow of the circulating blood: 

In cases of interatrial defect or of tricuspid disease, the right 
atrium is usually greatly dilated. 

A systolic thrill palpable in the right atrium may be due to an 
interatrial septal defect but usually indicates a tricuspid insuf- 


FIGURE 4: Fusiform dilatation of the pulmonary artery distal to a 
congenitally fused pulmonary valve. 
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ficiency. In children this insufficiency is usually part of Ebstein's 
Syndrome. It may also be rheumatic, functional, or congenital. 
Dilatation of the right ventricle suggests (a) an obstruction of 
its outflow tract (in the pulmonary artery, the pulmonary valve 
or in the infundibulum), (b) excessive pulmonary blood flow due 
to an auricular or ventricular septal defect, or (c) pulmonary 
hypertension whether due to primary pulmonary vascular disease 
or to mitral valve deformity. Absence or extreme hypoplasia of 
the right ventricle almost always indicates a tricuspid atresia 
(with an interatrial septal defect) (Figure 2). A waist-like har- 
rowing in the right ventricle or a dilatation of its outflow tract 
indicates an infundibular septum obstructing the outflow into the 
pulmonary artery. A systolic thrill will then be felt beyond the 
obstruction and transmitted up the pulmonary artery (Figure 3). 
In tricuspid stenosis there is always a localized diastolic thrill 


FIGURE 5: Direct manometric determination of pulmonary 
arterial pressure. 
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palpable near the apex of the right ventricle above the level of 
the obstruction. 

General dilatation of the pulmonary artery suggests (a) exces- 
Sive flow as in cases of septal defect (auricular or ventricular) 
or of emptying of pulmonary veins into the right auricle, or (b) 
of pulmonary hypertension either due to lung disease, mitral 
disease or patent ductus arteriosus. 

Fusiform dilatation of the first part of the pulmonary artery 
with a narrowing at its origin suggests a post-stenotic dilatation 
beyond a congenitally fused pulmonary valve. This can be con- 
firmed by palpation of the localized systolic thrill at one point 
in the vessel wall, and by digitally invaginating the flaccid wall 
of the vessel to actually feel the crater-like fused pulmonic valve ° 
which erupts with each systole (Figure 4). Direct manometric 
measurement of pulmonary arterial pressure, determined by a 
needle inserted into the vessel, is often helpful (Figure 5). In 
valvular pulmonic stenosis the systolic thrill is palpated in the 
artery but not in the right ventricle, whereas in infundibular 
stenosis it is also felt in the outflow tract of the right ventricle. 

Hypoplasia of the pulmonary artery suggests general hypoplasia 
of the right ventricular outflow tract with infundibular stenosis. 
Usually there will be an associated high interventricular septal 
defect (Figures 6a and 6b). Stricture or narrowing of a localized 
segment of the intrapericardial part of the pulmonary artery is 
readily visualized and suggests the need for surgical dilatation 
(Figure 7). 
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FIGURE 6a FIGURE 6b 


Figure 6a: Dilatation of the right ventricle and hypoplasia of the pul- 
monary artery.—Figure 6b: Section revealing pulmonary outflow tract 
and high ventricular septal defect. 
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Transposition of the great vessels is readily diagnosed by ob- 
serving that the aorta arises from the anterior (right) ventricle. 
The pulmonary artery then arises posteriorly to it from the pos- 
terior (left) ventricle (Figure 8). The transposed pulmonary artery 
may have free blood flow or may be partially or largely obstructed 
at its origin. In the latter instance the pressure in the vessel will 
be found low (by palpation or actual measurement) and there 
will be a systolic thrill over its course. Lesser degrees of rotation 
or transposition of the vessels, as seen in various grades of te- 
tralogy of fallot, may be noted. The amount of overriding of the 
septum by either artery may frequently be estimated. A probe 
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FIGURE 7: Stricture or narrowing of a localized segment of 
the pulmonary artery. 
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inserted into the right or left ventricle and directed into each 
great artery may be of great help. 

A communication between the aorta and pulmonary arteries 
above the valve level (aortic septal defect) causes a coarse systolic 
thrill in this portion of the pulmonary artery, and considerable 
dilatation. Insertion of a small urethral sound through a puncture 
(guarded by a purse-string) in the pulmonary arterial wall will 
permit accurate localization and estimation of the size of such 
a defect (Figure 9). 

The pulmonary veins of the left lung can be visualized to enter 
the left auricle. If they are distended the left auricle, too, is nearly 
always dilated and usually under increased pressure (since there 
are no valves between them). Dilatation of the left auricle and 
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ventricle 


FIGURE 8: Complete transposition of great arteries. 
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pulmonary veins nearly always indicates a severe degree of mitral 
stenosis or insufficiency (Figure 10). They are of normal size in 
cor pulmonale (due to intrinsic lung disease). A systolic thrill 
palpable in the left auricle or in the pulmonary veins is pathog- 
nomonic of severe mitral insufficiency. 

In certain cases the left pulmonary veins may not drain into 
the left auricle. They may then be traced as they pass behind 
the left auricle to enter the right auricle. More often, in such 
deformities they empty into a common venous channel which 
passes within the pericardium, and behind the left auricle to 
join the superior vena cava. In cases where there is a double 


FIGURE 9: Aortic septal (aortico-pulmonary) defect demonstrated 
by probe inserted through pulmonary arterial wall. 
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(right and left) superior vena cava with abnormal pulmonary 
venour drainage, the vessels of the left lung usually empty into 
the left superior vena cava which in turn crosses to join the right 
one (Figure 11). 

Thrombosis of the left auricular appendage is nearly always due 
to mitral stenosis usually with associated auricular fibrillation. 
It may result in a shrunken fibrotic appendage, or may merely 
be recognizable by palpation of a solid or woody non-compressible 
appendage. Fresh thrombosis may be difficult to detect except by 
recognizing slight loss of compressibility. 

A small or absent left ventricle may be due to congenital aortic 
atresia. Here there is nearly always mitral valve atresia and a 
compensating interatrial septal defect. In such cases the left 
atrium is normally or abnormally large. These individuals always 
die in infancy or early childhood, so the occurrence of a small 
left ventricle and a large left auricle in an adult is practically 
pathognomonic of the existence of mitral stenosis (Figure 12). This 
is further corroborated by the co-existence of a large dilated right 


FIGURE 10: Great dilatation of pulmonary veins and left atrium 
due to mitral stenosis. (From behind). 
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ventricle. A diastolic thrill localized to a very small area about 
the left ventricular apex confirms the diagnosis (Figure 13). 

In essentially “pure” mitral regurgitation the left ventricle is 
very large, although the right is also large. The left auricle, too, 
is dilated. There may be an associated diastolic thrill at the ven- 
tricular apex if stenosis co-exists, but not in pure mitral regurgi- 
tation. A systolic thrill in the left auricle, when present, is con- 
firmatory of mitral insufficiency. 

In aortic stenosis and particularly in aortic regurgitation the 
left ventricle is also enlarged. Here, the right ventricle may seem 
disproportionately small. The diastolic thrill of Aortic Regurgi- 
tation is felt over the base of the left ventricle, laterally, just 
over the mitral valve. This is probably the basis of the so-called 
Austin-Flint murmur. The systolic thrill of aortic stenosis is best 
felt at the root of the aorta, especially to the right side. It may 
be largely localized to a small spot on the aortic wall which is 
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FIGURE 11: Course of pulmonary veins (from behind) in a case explored 
by us in which all pulmonary veins eventually emptied into the right 
superior vena cava. A compensating auricular septal defect was present. 
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directly in line with the high speed jet of blood emerging from 
the nozzle-like stenotic aortic valve orifice (Figure 14). 

Evidences of an old myocardial infarct are occasionally visible 
over the left ventricle. The pericardium may be adherent over 
this area, but the involved portion of the heart surface is usually 
non-adherent, whitish, opaque and fibrotic. Calcification within 
the heart wall and along the course of the coronary arteries may 
be palpable. Occasionally a thin-walled portion of the left ventricle 
will paradoxically balloon out with each ventricular systole. Such 
a phenomenon is always indicative of a myocardial aneurysm, 
usually due to an old infarct. 


FIGURE 12: Small left ventricle and large atrium found 
in mitral stenosis. 
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Disease of the coronary arteries may be recognized by visuali- 
zation and palpation. Abnormal! thickening, tortuosity and calci- 
fication may be recognized. Sometimes a definite obliteration of 
the vessel at a given point is visible. 

Generalized dilatation of the aorta is usually related to arterio- 
sclerosis or hypertension. It may be associated with aortic regur- 
gitation especially of the luetic type. Localized dilatation of the 
aorta is usually due to an aneurysm. Fusiform dilatation of the 
first part of the aorta with a constriction at the myocardial junc- 
tion is seen in the rare case of congenital aortic stenosis with 
fusion of the valve cusps into a tiny cone, similar to the condition 
seen in congenital stenosis of the pulmonary valve. 

In sub-aortic stenosis the aorta is about of normal size, and 
presents a systolic thrill over its substance. This thrill, unlike 
that of aortic valvular stenosis, is not limited to the vessel, but 
can also often be felt in the upper outflow tract of the left 
ventricle. 

(3) Exploration of the interior of the cardiac chambers and 
adjacent great vessels may be carried out either by inserting a 
probe, sound, or other small instrument through the heart or 
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FIGURE 13: Diastolic thrill localized over a point on the left ventricular 
apex, diagnostic of mitral stenosis. 
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vessel wall into the vascular lumen, or by inserting a finger into 
the blood-containing chamber. The latter is far more satisfactory 
when feasible, since the sense of direct touch may simultaneously 
be utilized (Figure 15). 

One might think, logically, that by simply inserting a finger 
into one or both auricles by way of the easily tied off appendages 
that the interior of the respective auricle, the septum, the entrance 
of the afferent veins (venae cavae or pulmonary veins) and the 
condition of the respective auriculo-ventricular valve could be 
ascertained easily and with safety. This assumption is fully justi- 
fied by practical experience (Figures 16a and 16b). 

One might think further that by simply passing the exploring 
finger through the auriculo-ventricular valve the respective ven- 
tricle could be satisfactorily explored. That assumption is for 
practical reasons unsound. First, any degree of stenosis of the 
valve would preclude long digital tamponade of the orifice because 
of dangerous interference with blood flow. Second, the usual left 
sided approach used in most cardiac operations precludes a very 
satisfactory exploration of the right ventricle by way of the right 
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FIGURE 14: Typical locations of thrills felt over the surface of the 
heart in certain valvular abnormalities. 
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auricle. Third, the left ventricular outflow tract cannot be well 
explored in the human adult by way of the mitral valve without 
danger of tearing the septal cusp. 

One might then suggest that the instrument or finger be inserted 
directly through the respective ventricular wall to explore the 
appropriate auriculo-ventricular valve, the efferent semilunar 
valve, the ventricular septum and any masses or obstructions in 
the ventricular chamber. As far as the right ventricle is concerned 
this is essentially sound and satisfactory. But digital invasion of 
the left ventricular cavity, via its myocardial wall is a very form- 
idable undertaking, carrying as it does, considerable danger of 
ventricular arrhythmia, of major coronary vascular injury, and 
of possible inability to secure adequate hemostasis after removal 
of the finger from the heart wall. It must further be appreciated 
that the left ventricle is the cardiac chamber most directly con- 
cerned with the actual maintenance of life itself. Any appreciable 
or prolonged interference with its function, even if rather tran- 


FIGURE 15: Exploration of the interior of the heart and great vessels by 
direct insertion of a probe or sound through the myocardium. (This illus- 
tration demonstrates exploration of the stenotic pulmonary valve). 
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sient, will lead to prompt falling off of cardiac output, and perhaps 
to immediate death (Figure 17). 

For very practical reasons—the usual left sided thoracic ap- 
proach inhibiting free exploration by way of the right auricular 
appendage, and the left ventricle’s intolerance to insult, we have 
come to accept direct digital or instrumental invasion of only two 
of the cardiac chambers—the left auricle and the right ventricle— 
as our routine exploration of the interior of the heart. Indeed, 
the vast majority of intracardiac abnormalities which are not 
diagnosable by standard preoperative circulatory studies and the 
first two phases of operative cardiac exploration (pericardial and 
epicardial) can be definitely catalogued by digital palpation of 
the interior of the left auricle and of the right ventricle. This is 
not to be construed as implying that both of these chambers are 
to be invaded in all cases of routine exploration. For obvious 
reasons, the chamber will first be chosen which from the totality 
of existing knowledge. of that particular case is more likely to 
afford the desired pertinent information. Only if such information 
is not so obtained will the other chamber then be investigated. 

The exploration of the left auricle is carried out by inserting 
the right index finger through an incision in the tip of the left 
auricular appendage, after applying a hemostatic purse-string 
suture at its base. It is believed that Souttar' was the first to use 
this approach. This maneuver can be carried out with practically 
no loss of blood and with no disturbance of cardiac rhythm. The 
finger can readily recognize an intra-auricular clot or tumor. The 
orifices of the pulmonary veins are easily located and even counted. 
The auricular septum can be palpated (except in cases of extreme 
auricular dilatation) and the foramen ovale located. Any auricular 
septal defect may, with a little experience. be recognized and 
evaluated as to size and type (persistent ostium primum or true 
auricular septal defect). The mitral valve can be palpated and 
digitally traversed. Its structure and size are estimated with espe- 
cial reference to possible rheumatic stenosis. It is determined 
whether mitral regurgitation exists. Even a minor degree of mitral 
regurgitation (less than 5 cc. per beat) is recognizable by palpation 
of the rhythmic violent systolic jet of blood from the ventricle. 

By passing the finger through the valve into the ventricle, it 
is possible to feel chordae tendineae, papillary muscles and the 
left aspect of the lower ventricular septum. It might be possible 
to recognize a low interventricular septal defect by digital pal- 
pation, but the authors have not yet been able to do so. The fact 
that the pressure differential between the two ventricles directs 
the abnormal flow from left to right in this defect (when it exists 
alone) would militate against easy palpatory recognition of a 
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ventricular septal defect from the left side. The left ventricular 
outflow tract cannot be safely palpated by the left trans-auricular 
route, mainly because of danger of tearing the mitral septal 
(medial) cusp or some of its supporting chordae tendineae. A 
lesser, but still serious risk, is related to obstruction of the left 
auriculo-ventricular blood flow especially where some degree of 
mitral stenosis exists. 


In cases where the left auricular appendage is thrombosed, ex- 
ploration via this route is felt to be generally contra-indicated, 
except when there is an uninvolved portion at the base of the 
appendage. However, we have occasionally burrowed or tunnelled 
with the finger through or alongside a well organized clot to enter 
the auricular cavity with impunity. We have also produced hemi- 
plegia in a few instances where this technique has resulted in 


FIGURE l6a: Digital exploration of right auricle and tricuspid 
valve via right auricular appendage. 
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releasing bits of poorly attached thrombus into the circulation. 
The frequent recognition of soft, eel-like streamers of thrombi 
floating freely nearby in the left auricle, and only attached in 
the region of the appendage suggests the advisability of utilizing 
a different approach to the chamber of the auricle whenever 
possible. 

Two other approaches suggest themselves: (a) direct entrance 
through the auricular wall, and (b) entrance through a dilated 
pulmonary vein (Figures 18a and 18b). The former approach is 
apparently feasible and has been used without untoward incident 
on several occasions. However, should the auricular wall happen 
to be friable in any specific case, hemostatic suturing might not 
be possible. For this reason we have generally chosen to approach 
the partially clotted auricular cavity by way of the left superior 
pulmonary vein (Figure 19). This is especially suitable when it is 
dilated by the hypertension of mitral stenosis—the usual cause of 
auricular thrombosis. 


A purse-string suture should be placed around the base of the 
dilated vein, and it should be freed up for its full intrapericardial 
length. Narrow bladed, non-crushing vascular clamps, such as 


FIGURE 16b: Digital exploration of left auricle and mitral 
valve via left auricular appendage. 
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those developed by Potts are applied across either extremity of 
the mobilized vessel and a longitudinal incision is made on its 
anterior aspect. When the vein incision is long enough, the ex- 
ploring doubly gloved right index finger is placed between the 
lips of the incision. As the proximal clamp is removed, the finger 
is deftly insinuated into the auricle. If the venous incision is in- 


) 


~ 


FIGURE 17: Digital exploration of the left ventricle directly via the ven- 
tricular wall. This is an extremely dangerous maneuver, rarely justified. 
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adequate it may readily be elongated, usually toward or actually 
into the auricle. If the opening is too large, the purse-string will 
be tightened sufficiently to provide hemostasis. If a flat operating 
instrument is to be incorporated with the finger, it can be added 
after completion of the preliminary exploration by partially, but 
not completely, withdrawing the finger from the vein, until the 
tipless outer glove-finger is fully exposed. The flat instrument is 
placed under this rubber sheath and the finger is then re-intro- 
duced into the heart. 

Such insertion of the finger into the heart by way of the 
superior pulmonary vein permits determination of the safety of 
left auricular appendectomy by recognizing whether any clot, 
extending into the auricle, would be cut off from its base of 
attachment by this procedure. It also affords the opportunity for 
mobilization and delivery of any benign pedunculated tumor from 
the left auricle by forcing it into the base of the appendage from 
within. As soon as the appendage tip is opened, the mass can 
then be forcefully extruded. Pedunculated clots within the auricle 
can be (and have been) evacuated in a similar manner. 


Exploration Directly Through the Wall of the Right Ventricle 


Exploration of the right ventricle by way of an incision directly 
through its anterior wall is amazingly satisfactory. It was first 


FIGURE 18a FIGURE 18b 


Figure 18a and b): Technique of digital exploration of left auricle 
and left side of heart via left auricular appendage. 
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proposed and performed by Brock? in the exploration of the ven- 
tricular outflow tract for pulmonic stenosis. Since then it has been 
so employed by Dr. Alfred Blalock® and others.‘ The authors have 
used it for this purpose and for certain others. as will become 
immediately apparent.®* At this point it must be clearly empha- 
sized that the finger is far too large an instrument to insert into 
the right ventricle of very small infants. In them, a probe or small 
urethral sound may be inserted through the ventricular wall in 
the same way and for the same purposes. Of course, one then has 
the handicap of being without direct ‘“‘tactile vision” of the interior 
of the ventricle, but much information may nevertheless be thus 
obtained. 


In children the little finger of the left hand is usually chosen, 
but in larger persons the more adept left index finger is the pre- 
ferable exploring instrument. By this digital exploration the entire 
ventricular septum can be studied for defects, high or low, ab- 
normal papillary or infundibular protrusions, and for the presence 
of tumors, clots or vegetations. 

It is particularly easy to recognize ventricular septal defects 


FIGURE 19: Digital exploration of left side of heart via dilated left 
superior pulmonary vein. This is one of the practical approaches for 
digital exploration of the interior of the heart. 
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with a left to right shunt since the systolic jet of blood from the 
higher pressure left ventricle is unmistakable. In right to left 
shunts the defect is nearly always high in the membranous sep- 
tum and in a characteristic location—to the right of the pulmonary 
outflow tract, and just below the aortic valve cusps. Knowing this 
probable location it is not difficult to pass a finger into and 
through the defect, even when there is a right to left shunt. 

The right ventricular outflow tract, the pulmonary valve and 
artery may be evaluated for constrictions, general stenosis or for 
abnormally large size. It may be possible to detect the orifice of 
an aortic septal defect by palpating the systolic jet from the high 
pressure aorta into the pulmonary artery. 

An infundibular stenosis or obstruction is most readily recog- 
nized by the exploring finger, and can usually be accurately 
evaluated as to type (muscular, membranous, fibrotic), location 
(subvalvular, high, low) and size and location of the tiny aperture. 

The auriculo-ventricular (tricuspid) valve is easily recognized. 


FIGURE 20: Digital exploration of the right side of the heart via the 
right ventricular wall. This is another practical approach to the in- 
terior of the heart. A Rumel-Belmont tourniquet is used to control 
bleeding. 
Inserts: (a) Exploration of infundibular septum. 
(b) Exploration of congenitally fused pulmonary valve. 
(c) Exploration of ventricular septal defect. 
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Abnormally low attachment (Ebstein's Disease) of the valve within 
the ventricle, stenosis or regurgitation are easily determined. The 
exploring finger can be easily passed through the normal tricuspid 
valve to palpate the interior of the right auricle. Auricular septal 
defects may be diagnosed in this manner. The large size of the 
normal tricuspid aperture makes it unlikely that the valve orifice 
will be significantly obstructed during the period of transvalvular 
digital exploration. 

In the actual performance of such right ventricular transmy- 
cardial investigation the operator will be guided in the location 
of his incision into the heart, first by the pathology suspected or 
searched for, second by the coronary arterial pattern, and third, 
by the thickness of the right ventricular myocardium. The first 
two considerations are obvious ones. An incision in the apex of 
the right ventricle would be most unsuitable if a high ventricular 
septal defect were suspected. Transection of a major coronary 
artery in making the incision would be most unsurgical and 
possibly disastrous. The third consideration is related to the 
occasional presence of a thin-walled infundibular chamber above 
an infundibular stenosis or septum. Such a chamber may not be 
sufficiently tough-walled to withstand placement and tying of 
hemostatic sutures. It can, however, always be recognized by 
preliminary inspection or palpation of the intact heart surface; 
usually by both. 

It is possible to insert a finger through a small incision in the 
right ventricle without any hemostatic control other than the 
tonus of the myocardium. After removal of the finger satisfactory 
suture of the opening is usually possible. 

The Brock method of use of stay sutures in either lip of the 
myocardial wound is probably safer, since hemostasis is more 
certainly accomplished both during definitive exploration and 
during the repair by simply crossing the sutures over the wound. 

By far the most dependable technique, however, is the applica- 
tion of a definite purse-string of heavy silk deep into the myo- 
cardial wall, and the use of a Rumel-Belmont tourniquet (Figure 
20) to control the tension. The incision is then made in the portion 
of myocardium included by this suture, and the finger is slipped 
through it into the ventricular chamber. The order of exploration 
will vary with the nature of the pathology expected and found. 
But it should be methodical and complete if the patient's condition 
justifies more than simple identification of the primary lesion, 
correction, if possible, and termination of the procedure. Repair 
of the cardiac incision is by interrupted sutures during temporary 
hemostasis maintained by tightening the purse-string suture. 

Even though a left thoracic incision, anterolateral or lateral 
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is usually employed in cardiac exploration or surgery, it is pos- 
sible, although somewhat inconvenient technically to digitally 
explore the right auricle through the right appendage. The right 
index finger seems most satisfactory, permitting “digital visuali- 
zation” of the auricular septum, the venae cavae and the tricuspid 
valve. Digital or incisional enlargement of a stenotic tricuspid 
valve can thus be accomplished. 


Actual Cases Illustrative of the Three Phases 
of Cardiac Exploration 


First Phase 


Case 1: J.D. (2994). A five year old white girl admitted to Hahnemann 
Hospital, Philadelphia, on November 10, 1947 because of shortness of 
breath and mild cyanosis since one year of age. R.B.C. 4.1-5.1 million. 
Hemoglobin 13.7 - 16.8 gm. The left precordium bulged forward abnorm- 
ally. There was a harsh Grade III systolic murmur and thrill over the 
precordium most prominent over the fourth left interspace. The apex 
beat was palpable in the left anterior axillary line, sixth interspace. 

X-ray film and fluoroscopy revealed a prominent pulmonary conus and 
dilated pulmonary arteries. The heart was definitely enlarged, especially 
the right ventricle. 

Exploratory operation was performed on November 24, 1947. Direct 
water manometric determination of pressure in the pulmonary artery 
was 673 mm. water. This was considered evidence of an adequate pul- 
monary blood flow and confirmatory of the suspicion of Eisenmenger'’s 
syndrome. It was felt that a shunt ‘(Blalock-Taussig or Potts) operation 
would not improve blood oxygenation and would only add to the cardiac 
work load. 

The operation was, therefore, terminated at this point, the pericardium 
never having been opened. Convalescence was uneventful and the child 
is still living a restricted life. 


Second Phase 


Case 2: J.R. (53526). A six year old white boy was admitted to Hahne- 
mann Hospital on March 27, 1951. There was a harsh Grade III systolic 
murmur and accompanying thrill, maximal over the second left inter- 
costal space near the sternum. The murmur was transmitted through 
to the back. 

The pulmonary artery was shown by fluoroscopy to be dilated and to 
pulsate violently. There was no cyanosis nor dyspnea. R.B.C. 4.2 million 
with 12.9 gm. hemoglobin. No precordial enlargement. An atypical patent 
ductus was suspected. 

Exploratory operation was performed on April 2, 1951. A large patent 
ductus arteriosus was exposed, divided and sutured. However, a systolic 
thrill was still palpable over the large prominent pulmonary artery. 
Opening of the pericardium revealed a greatly dilated pulmonary artery 
with a constriction at its origin. A typical jet-like localization of the 
beginning of the thrill indicated valvular pulmonic stenosis. The chest 
wall ncision was extended anteriorly and a direct transventricular Brock 
type of valvulotomy was performed to relieve the pulmonic stenosis. The 
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thrill in the artery immediately became more widespread and coarser. 
and the dilated but previously somewhat flaccid vessel became turgid. 
indicative of increased blood flow. Convalescence was uneventful. 


Case 3: J.M. (29093). An 11 year old white male was admitted to Hahne- 
mann Hospital on August 2, 1949. He presented no evident cardiac en- 
largement. There was a rough Grade III systolic murmur without a thrill 
best heard in the second left interspace, near the sternum. Two years 
previously this had been described as being “machinery” in type. There 
was no cyanosis. The child was well developed, even somewhat obese. 
R.B.C. 4.1 million; Hgb. 12.1 gm. 

Pulmonary vascular markings were normal but the pulmonary conus 
was greatly dilated. Aortography failed to reveal a patent ductus ar- 
teriosus. 

Exploration was performed on August 8. 1949, and a patent ductus 
1 cm. long and 3.5 mm. is diameter was divided and sutured. A systolic 
thrill limited to the beginning of the pulmonary artery was still palpable 
after division of the ductus. The pericardium was opened. It was conjec- 
tured that there probably existed a high ventricular septal defect fcr 
which we at that time had no surgical treatment to offer. 

Convalescence was uneventful except for retained bronchial secretions 
which necessitated bronchoscopy. This patient will be readmitted for 
re-evaluation and possible surgical! intervention in the near future. 


Third Phase 


Case 4: R.T. (42242). An 18 year old white female was admitted to 
Hahnemann Hospital on June 19, 1950. She was known to have had a 
heart murmur since infancy. She had always been kept on restricted 
activity. There was no cyanosis or precordial deformity. 

A rough Grade III systolic murmur was heard best along the left 
border of the sternum in the second and third interspace. There was no 
audible diastolic murmur. The pulmonic second sound was accentuated 
three plus. Aortography revealed no ductus. The heart was slightly en- 
larged and the pulmonary vascular markings were increased. 

Exploratory operation was undertaken on June 23, 1950. A long oblit- 
erated ligamentum arteriosum was found. It had no visible lumen when 
divided. There was a palpable systolic thrill over the base of the right 
ventricle. A small opening was made in the anterior ventricular wall in 
this region, and a No. 18 urethral sound was passed through it into the 
ventricular cavity. By instrumental palpation a high ventricular septal 
defect was found in the membranous septum. Since a ventricular septal 
defect had not been corrected up to that time, nothing further was done. 
Recovery was uneventful except for the development of penicillin rash. 
Perhaps subsequent definitive surgery should be undertaken. 


Case 5: J.M. (58025). A 17-month old white male admitted to Hahne- 
mann Hospital on July 9, 1951, acyanotic, with a systolic thrill over third 
left interspace and a loud harsh systolic murmur with a diastolic com- 
ponent in the same area. Heart enlarged two plus. (R.V., L.V., P.A. and 
hilar vessels}. ECG revealed N.S.R. with some degree of left ventricle 
enlargement. 

The case was considered to be one of atypical patent ductus arteriosus. 
Exploratory operation was carried out on July 12, 1951. A patent ductus 
1 cm. long and 5 mm. in diameter was divided and sutured. However, the 


— 

| 

| 

1 


Vol. XX1T EXPLORATORY SURGERY OF THE HEART 667 


lumen was seen to be only about 1 mm. in diameter. The systolic thrill in 
the pulmonary artery persisted after division of the ductus. The pericar- 
dium was opened and the pulmonary artery was seen to be large but not 
constricted at its origin as in pulmonic stenosis. It was thought that an 
aortic septal defect might be present. Therefore, a No. 16 urethral sound 
was inserted through a small incision guarded by a purse-string suture 
in the anterior wall of the main pulmonary artery. Careful instrumental 
palpation over the entire area of common aortic and pulmonary wall 
failed to reveal an aortic septal defect. The case was considered to be 
probably one of a high interventricular septal defect. Because of the very 
small size of the infant and commensurate small heart, it was deemed 
wisest to attempt no surgical correction at this time. Recovery from 
operation was uneventful. 


Case 6: M.D. A 33 year old white female was referred to Hahnemann 
Hospital on September 7, 1950, with a diagnosis established at a very 
eminent clinic of mitral stenosis. This was confirmed by clinical exam- 
ination and phonocardiograph at our own clinic. There was no history of 
previous rheumatic infection. There was a classical diastolic murmur 
with presystolic accentuation. Pulmonary edema and hemoptysis were 
prominent in her history. 

On September 14, 1950, operation was undertaken with the diagnosis of 
“pure” mitral stenosis. A finger inserted into the left auricular append- 
age found a normal mitral valve partially obstructed by a soft pear- 
shaped tumor arising from the auricular septum. This was enucleated 
from its attachment to the septum but proved too large for easy evacua- 
tion through the incision in the appendage. Considerable force was 


applied resulting in partial morcellation of the tumor, and in its evacua- 
tion. The condition of the heart improved and it appeared that all would 
be well. However, during the closure of the chest, the auricular wall. 
which presumably had been damaged during the removal of the tumor 
became ruptured at the base of the appendage. Death resulted from 
exsanguination. 


Case 7: M.L. (44449). A 29 year old white female nurse was admitted to 
Hahnemann Hospital on August 16, 1950, with the diagnosis of mitral 
valve disease. Progressive dyspnea and evidences of congestive heart 
failure were the chief complaints. There was no cyanosis. The heart was 
moderately enlarged, predominantly the right ventricle and its outflow 
tract. The pulmonary artery and conus segment were greatly enlarged 
R.B.C. 4,450,000; Hbg. 13.7 gms. 

Cardiac catheterization was performed on August 19, 1950. The catheter 
passed readily from the right to the left auricle and into the pulmonery 
veins, proving the existence of an auricular septal defect. 

At operation on August 25, 1950. the operator’s right index finger in- 
serted through the left auricular appendage readily recognized not one 
but two defects in the auricular septum. One was too small to admit the 
finger tip and was located about in the usual location of the foramen 
ovale. The other was a much larger persistent ostium primum. 

Using the intracardiac finger as a guide the operator passed a threaded 
curved probe through the tip of the left auricular appendage. through 
the persistent ostium primum and out through the tip of the right auric- 
ular appendage. The appendages were then both invaginated by a modi- 
fication of Swan’s technique to become tightly apposed in the defect. 
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While this technique cannot completely close a persistent ostium primum. 
it can greatly reduce the amount of left to right shunt. 

Convalescence was nearly uneventful, and the patient has since been 
able to return to full duty as on operating room nurse. Her evidences of 
congestive failure have not returned, even though digitalis therapy has 
been discontinued. 


Case 8: R.H. (54320). A 40 year old white male was admitted to the 
Hahnemann Hospital on April 13, 1951. He had been known to have heart 
murmurs for 21 years. For two years prior to admission he had been re- 
ceiving digitalis and diuretic therapy because of recurrent evidences of 
congestive failure. He had a normal sinus rhythm, normal blood pressure 
and a moderately enlarged heart. In the aortic area there was a Grade 

} III harsh systolic murmur transmitted up the neck, with an associated 

: localized systolic thrill. There was a diminished aortic second sound. In 
the third and fourth interspaces at the sternal margin there was a high- 

pitched blowing early decrescendo diastolic murmur. In the mitral area 

was heard a loud sharp first sound with a short moderately harsh Grade 

II systolic murmur. Also there was a short presystolic murmur crescendo 

in type. 

| It was agreed that he had rheumatic deformity of both the mitral and 

aortic valves, but it was uncertain which was the more important clin- 

| ically. It was decided that he should be explored through a left anterior 

q thoracic incision. The mitral valve would be explored first and corrected 

if necessary. The aortic would only be attacked if the mitral deformity 
seemed insufficient to account for the clinical impairment 

On April 25, 1951, the left fourth intercostal space was widely opened 
anteriorly. The pericardium was incised anterior to the left phrenic 
nerve. A purse-string ligature was placed about the base of the left 
auricular appendage. The right index finger was inserted through an 
incision in its tip. The mitral valve was found to be somewhat thickened, 
but the orifice was capable of admitting two fingers, and there was only 
very slight regurgitation. It was deemed unnecessary to do anything to 
this valve which was evidently not responsible for the clinical symptoms. 
Therefore, the appendagé was ligated and oversewn. 

The root of the aorta was palpated disclosing a harsh systolic thrill at 
the valve level, with a localized palpable jet on the right side of the aorta 
just above the valve. A special curved aortic dilator was inserted through 
the apex of the left ventricle, was passed up along the ventricular septum 
and finally through the aortic valve. It was vigorously dilated and then 
the instrument was closed and withdrawn. The small opening in the left 
ventricle was closed by a purse-string suture and was oversewn. 

The condition of the patient was satisfactory for a few hours, and 
then became precarious as evidences of intrathoracic bleeding became 
apparent. The wound was reopened in the operating room and it was 
determined that the bleeding was from the left ventricular wound. This 
was resutured with mattress sutures and the patient was vigorously 
transfused. Recovery then was uneventful and he has since been able 
to return to work. 


Case 9: G.W. (50939). A 26 year old white male was admitted to Hahne- 
mann Hospital on January 29, 1951. He had been known to have a heart 
murmur since the age of 16 and had been kept on restricted activity 
ever since. He had had a classical attack of rheumatic fever in 1945. At 
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the time of admission there was no cyanosis, edema nor dyspnea. Sinus 
rhythm existed. The heart was not enlarged beyond normal limits but 
angiocardiography on February 2, 1951 revealed a suggestion of slight 
enlargement of the right ventricle. There was a long harsh Grade III 
systolic murmur heard best in the mid-sternal area, level of the third 
interspace. 

On February 6, 1951, exploration was carried out through a left an- 
terior thoracic incision ‘third interspace). A harsh systolic thrill was 
palpable in the region of the right ventricular outflow tract. It was not 
well transmitted up the pulmonary artery. Two stay sutures were placed 
in the anterior wall of the right ventricle about an inch below the pul- 
monary valve. A 2 cm. incision was made in the myocardial wall between 
the stay sutures and the operator’s left index finger was inserted in the 
right ventricular cavity. It was easy to pass the finger up through the 
roomy pulmonary valve and thus to demonstrate its adequacy. Palpation 
of the membranous septum just below the level of the aortic valve re- 
vealed a small high ventricular septal defect. This was indicated by a 
rhythmic systolic jet of blood escaping through it from the left ventricle. 
A threaded curved probe was passed along the intracardiac finger, was 
guided by it through the septal defect and was brought out through the 
anterior wall of the left ventricle not far from the septum. The sutures 
were grasped and the probe was withdrawn. The sutures were then used 
to draw the free end of a pedicled pericardial graft completely through 
the right ventricle, through the septal defect, and out through the an- 
terior wall of the left ventricle. This tubular graft effectively “corked” or 
plugged the ventricular septal opening, shutting off the systolic jet and 
thrill much as though a faucet had been turned off. 

Recovery has been uneventful. He still presents a very slight systolic 
murmur. 


SUMMARY 


Exploratory surgery of the heart is logical, simple, and when 
performed along the lines indicated, a relatively safe procedure. 
In most cases, fortunately, it not only establishes the anatomical 
diagnosis but permits the prompt carrying out of corrective opera- 
tive measures. 

In the last analysis, it has always been, and always will be the 
final diagnostic or confirmative measure in all cases subjected to 
major cardiovascular surgery. 


RESUMEN 


La cirugia exploradora del coraz6én es logica, sensilla, y cuando 
se realiza de acuerdo con los lineamientos indicados, resulta ser 
un procedimiento relativamente seguro. En la mayoria de los casos. 
afortunadamente, no solo se establece el diagndéstico anatémico. 
sino que se permite la pronta aplicacién de las medidas optratorias 
correctivas. 

En ultimo analisis, siempre ha sido y sera la medida diagnostica 
final, o la confirmativa, en todos los casos sujetos a cirugia cardio- 
vascular. 
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RESUME 


La chirurgie exploratrice du coeur est logique, simple et relative- 
ment sans danger, lorsqu’elle est pratiquée selon les indications 
normales. Dans la plupart des cas, heureusement elle permet non 
seulement de préciser le diagnostic anatomique, mais aussi de 
mettre en oeuvre l’opération corrective. 

En derniére analyse, la chirurgie exploratrice a toujours permis 
et permettra toujours le diagnostic précis dans tous les cas sus- 
ceptibles d’étre traités par la grande chirurgie cardio-vasculaire. 
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The Recognition of Nonallergic Asthma” 


LEON UNGER, M_D., F.C.C.P.' 
Chicago, Illinois 


In the past several years an increasing number of patients have 
been referred for allergy surveys. Most of these individuals are 
really allergic, and for them we plan and carry out an extensive 
examination, including skin tests and other techniques based on 
allergy. 

Some of these patients, however, are not allergic. Among these 
are some who wheeze and are short of breath from conditions 
which simulate true bronchial asthma. Let us discuss a few of 
these patients who have what we may call “nonallergic asthma.” 


Case 1: B.A., age 15. This girl was referred July 17, 1950, because of 
“asthma.” She had bronchitis at nine, with severe “cold” and cough. For 
the past three months “bronchitis” has recurred again and again, as 
shown by dyspnea, orthopnea, cough, rattling in the chest and wheezing. 
Ten days ago her “asthma” suddenly became violent and she was in a 
hospital for two days, with relief after oxygen and intravenous fluids’ 
Adrenalin was not given. There was no nasal symptom but the girl had 
lost 15 pounds in one month. 

She was worse at night and after exertion and received little benefit 
from Pyribenzamine and ephedrine. Her past history revealed pneumo- 
nia, scarlet fever, mumps and chicken pox, and removal of tonsils and 
adenoids. The family history was negative for allergy. The urine, Kahn 
test, blood and sputum were negative, with 3 per cent eosinophils in the 
blood and none in the sputum. 

Examination revealed a well-nourished white girl with no dyspnea at 
that time. Resonance was good over both lungs, but breath sounds were 
almost entirely absent on the right side, especially the lower two-thirds. 
The other lung was normal, and wheezing was absent. The heart was not 
displaced, and the examination was otherwise negative. On fluoroscopy. 
the excursion on the right side was diminished, and x-ray films (Figures 
1 and 2) showed very little. We did notice that inspiratory sounds on the 
right side were a little rougher than those on expiration. 

We therefore concluded that her dyspnea and wheezing and the almost 
complete absence of breath sounds on the right side must be due to an 
obstruction of the right primary bronchus. Because she was only 15 the 
diagnosis of a bronchus adenoma suggested itself. 

The first bronchoscopic examination (Dr. Jerome Head) revealed a 
“norma! larynx and trachea. About half-way to the carina, a tumor mass 
was found projecting from the right lateral wall of the trachea, partially 
obstructing the lumen. Pieces were secured for microscopic study and in 


*Presented at the 17th Annual Meeting of the American College of Chest 
Physicians, Atlantic City, New Jersey, June 7-10, 1951. 


‘From Northwestern Medical School and Wesley Memorial 
and Cook County Hospitals, Chicago, Illinois. 
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the process there was free bleeding.” One week later more tumor tissue 
was removed, and on the third week the rest was removed through the 
bronchoscope or was coughed up; one chunk was as large as the end of 
her thumb. A week later re-examination showed that the tumor was gone 
though the remainder of the pedicle was seen to come from an elon- 
gated patch 5x10 mm. The carina was markedly widened and looked 
inflamed. 

Tissue examination (Figure 3) established the fact that the tumor was 
a leiomyoma rather than an adenoma. This has a tendency to recur and 
already there has been a slight reappearance of the mass. Her so-called 
“asthma.” however, has disappeared. Skin tests. of course. were not 
carried out as there was no evidence of allergy. 


Case 2: Mrs. J.C., age 41, entered Wesley Memorial Hospital June 23. 
1946, with so-called “asthma” for about four months. The wheezing and 
dsypnea became progressively worse, and vomiting and slight fever were 
also present. She was known to have had a carcinoma of the uterus and 
vagina for the past six years, with apparent quiescence after intensive 
radiotherapy. She was moderately nourished and had considerable dys- 
pnea, wheezing and orthopnea; epinephrine and eminophylline gave 
some relief. On standing in front of the patient, and without the use of 
a stethoscope, we noted that the wheezing was more marked on inspira- 
tion and that it really constituted a stridorous type of breathing. This 
fact at once ruled out the diagnosis of bronchial asthma, in which, of 
course, wheezing and dyspnea are almost always more marked on ex- 
piration. We abandoned the diagnosis of true allergic asthma despite the 
fact that successive examinations of the sputum showed that 2. 80 and 
100 per cent of the cells were eosinophils. 

Our diagnosis was necessarily an obstructive lesion in the larynx or 
trachea. Laryngoscopy was normal, but on bronchoscopy the carina was 
very broad and bulged into the bronchi, and was so swollen that only a 
narrow slit was visible at the entrance to the right main bronchus. and 
a small round opening on the left side. The tissue was firm and red but 
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did not bleed. Two pieces were removed, with the diagnosis of squamous 
celled carcinoma. We were unable to save her life (Figures 4 and 5). 


Case 3: Mrs. D.G., white, age 81, was seen at Cook County Hospital. 
“Bronchial asthma” was the admitting diagnosis. and some relief was 
obtained from aminophylline and epinephrine. Her wheezing and dys- 
pnea, however, were also more marked on inspiration. and stridor could 
be clearly heard without a stethoscope. Percussion showed marked dull- 
ness in the right upper chest. and the x-ray film ‘Figure 6) revealed a 
large mass. Because of her age and general good condition and lack of 
any other findings, the diagnosis of a large substernal goiter seemed 
logical. Surgery was advised but was refused. She went home with her 
dyspnea and wheezing and returned a year later. with death from term- 
inal broncho-pneumonia. Autopsy revealed a huge colloid goiter which 
had grown around the trachea and which compressed the right primary 
bronchus. It could have been completely removed. 


Case 4: Mrs. O.C., Negro, age 35, proved intensely interesting and she 
was the subject of a recent clinico-pathological conference at Wesley 
Memorial Hospital. She was admitted wheezing and gasping for breath 
at midnight, January 4, 1951, via ambulance. She could not lie down, and 
her ankles and legs were very edematous. The heart was dilated, and the 
liver was palpated 3 cm. below the costal arch. 

She had been well until five years previous to admission. She went to 
a clinic because of dyspnea on exertion and epigastric pains. The findings 
at that time were not remarkable, but x-ray films showed an infiltrating 
process in both lung fields. At that time she had some ankle edema after 
prolonged standing or walking. The diagnosis of Boeck’s sarcoid was 
strongly considered. Later she went to two other clinics and was told. 
according to the patient, that she had a rare type of bronchial asthma. 
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One year ago she had bronchopneumonia, with gradual recovery, but 
wheezing persisted. 

At the hospital on this admission, urinalysis revealed 10 mg. albumin 
per 100 cc. There were 3,700,000 erythrocytes and 5,500 leucocytes, includ- 
ing 1 per cent eosinophils. Three sputa disclosed 45. 90 and 23 per cent 
eosinophils, respectively, with no acid-fast bacilli on smears or cultures 
nor after injection into a guinea pig. The total protein was 6.12 grams, 
with 2.84 albumin and 3.28 globulin per 100 cc. The nonprotein nitrogen. 
calcium, phosphorus and alkaline phosphatase were normal. Repeated 
examinations of sputum and bronchial smears were negative for yeasts. 
molds and other fungi, and cultures showed some Diplococci pneumoniae 
and Staphylococcus aureus. Bronchoscopy revealed edematous bronchial 
mucosa which bled easily but there was no evidence of obstruction. Two 
skin tests were negative for tuberculosis, and tests were also negative 
for histoplasmosis, coccidiomycosis, and brucellosis. Stools were also nor- 
mal. An electrocardiogram showed findings consistent with early right 
heart strain. 

The x-ray films (Figures 7a and 7b) showed the lungs as they were in 
1946 and again in 1951. One could see that areas of increased density 
were scattered throughout both lungs, especially in the middle two- 
thirds. Pulmonary fibrosis was suggested, and one could see little change 
in the lungs during the intervening five years. The 1951 film showed that 
the heart had become much larger. 

Treatment on admission consisted chiefly of bed rest, digitoxin, mercu- 
hydrin, and some aminophylline. The edema disappeared and the liver 
became smaller, but the wheezing, dyspnea and orthopnea persisted, and 
several attacks of so-called “asthma” occurred from time to time. She 


went home, but 18 days later she had an acute exacerbation. She was 
returned to the hospital via ambulance but was dead on arrival. 

The diagnosis of this case provoked much discussion. The persistent 
pulmonary infiltration ruled out bronchial asthma, this despite the 
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eosinophilia in the sputum. The diagnosis of Boeck’s sarcoid was sug- 
gested by several, but against this were the facts that there were no x-ray 
changes in the bones, no skin or eye lesions, no enlargement of the spleen. 
and not enough reversal of the A-G ratio. 

Other conditions were suggested, but questioning of the patient had 
revealed that she operated a drill press in 1944-1945, and during this time 
she also worked with a buffing machine which gave off a great deal of 
dust. Sometimes she wore a mask, sometimes she did not. Because of this 
exposure and because of the chronicity of the process, it seemed much 
more likely that she had developed silicosis of the lungs and from this 
cor pulmonale and resultant right heart failure. This diagnosis was con- 
firmed by the autopsy, at (Figure 8) which the patient was found to have 
anthracosilicosis of the lungs, spleen and stomach, and of the para- 
bronchial, pancreatic and renal lymph nodes—all this in addition to 
cor pulmonale and cardiac decompensation. 


Case 5: Mr. A.G., age 77. In this case there is illustrated a condition 
which is frequently and tragically mistaken for bronchial asthma. This 
man was admitted as an emergency. He came by ambulance because of 
a sudden and terrific attack of so-called “asthma,” and was immediately 
given an intravenous injection of aminophylline. This was his first attack, 
and there was no history of allergy in the patient or in his family. This 
attack began five hours before admission, and there was no complaint 
of pain. 

Examination revealed a moderately nourished, elderly, white male in 
very acute distress. He was almost moribund, and the so-called “death 
rattle” was easily heard without a stethoscope. Cyanosis and tachycardia 


FIGURE 10 
Acute Cardiac Dyspnea 
(“Cardiac Asthma”) 
Paroxysmal dyspnea (cardio-renal) 
Attacks very few 
Pulmonary edema (failure left 
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were present. There were watery rales all over both lungs. His heart 
seemed dilated and his blood pressure was 150/90. An occasional wheeze 
was also heard, and the liver edge was not made out. The lower extrem- 
ities were not swollen. 

The diagnosis was at once changed to “acute cardiac dyspnea” (cardiac 
asthma, acute suffocative pulmonary edema). He was promptly injected 
with one-fourth grain morphine and 1 150 grain atropine, repeated in 
two hours. Oxygen was given by inhalation and digitalis intramuscularly. 
and we assured the man that he would be much better very quickly. In 
about 10 minutes he was much better—he became quiet, there was less 
rattling, and by evening his dyspnea was almost gone. 

We kept him quiet as long as we could, and electrocardiograms showed 
extensive cardiac damage. After four weeks he signed a release and re- 
turned to his work as a printer. We learned that he died some months 
later. This was to be expected as the prognosis in this type of heart 
disease is unfavorable. Palmer and White,' for example. have shown in 
a series of 250 patients with cardiac asthma, that 170 are known to have 
died with an average duration of life of only 1.4 years after the first 
attack. 

There was bilateral passive congestion of the lungs when this patient's 
left ventricle suddenly dilated during that attack (Figure 9). In Figure 
10 is our differential diagnosis between bronchial asthma and acute 
cardiac dyspnea ‘cardiac asthma). One notes that bronchial asthma 
rarely begins after middle age unless the patient has had some previous 
nasal allergic condition, e.g.. nasal polyps or perennial rhinitis or hay 
fever. When sudden dyspnea. with or without wheezing. first appears 
after 50, the odds are all in favor of a cardiac rather than an allergic 


etiology. This differentiation is extremely important as morphine is 
often life-saving in cardiac emergencies, whereas it may kill a patient 
who has bronchial asthma. Epinephrine ‘Adrenalin’. on the other hand, 
almost always helps the true asthmatic, and aminophylline is certainly 
much more beneficial in bronchial asthma than in cardiac diseases. 


Case 6: Miss R.C., age 19, white. This last case illustrates a somewhat 
controversial subject. She was a billing clerk. and reported at the office 
October 1, 1949. with asthma and nose trouble—duration, three years 
She wheezed, coughed and had some dyspnea especially on exertion. Her 
nose was blocked a great deal, along with a watery nasal discharge and 
frequent frontal headaches. There were 11,600 leucocytes, with 11 per 
cent blood eosinophilia and with 30 per cent eosinophils in the sputum. 

Skin tests were carried out by the scratch method, supplemented by 
intradermal tests. There were many positive skin tests, and as a result 
she received and is still being given injections for hyposensitization 
These consist of extracts of grass pollen, house dust, feathers, molds. 
flaxseed and kapok. 

The interesting and unusual finding in this girl was the presence of 
clusters of bubbling rales heard below the left clavicle. These rales were 
heard on every examination. and were typical of those found in sacular 
bronchiectasis. The first bronchograms failed to visualize the left upper 
lobe, but on the second attempt the sacular bronchiectasis was beauti- 
fully shown (Figures 11, 12 and 13). Bronchoscopy revealed marked 
constriction of the left main bronchus, as though a gland was pressing 
on both the upper and lower lobe orifices. The bronchus was dilated 
twice, and lobectomy was then carried out in June 1950. When the chest 
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was opened the left upper lobe was found to be congenitally very small 
and was only as large as a lemon. This lobe was removed, and sections 
showed the sacular bronchiectasis along with chronic bronchitis and 
chronic interstitial pneumonitis. There was no tissue eosinophilia. The 
left lower lobe was quite large and filled most of the left chest cavity. 

The patient's progress has been most satisfactory. Her cough and 
wheezing and frequent bouts of fever have disappeared, although she 
still has mild rhinitis. There is no further evidence of bronchial asthma. 
and perhaps her wheezing was chiefly associated with bronchiectasis. 
We never did hear the generalized wheezing which is so typical of true 
bronchial asthma. 

There is some controversy regarding the relationship of asthma 
and bronchiectasis. Watson and Kibler,? said that 90 per cent of 
their cases were proved allergic. Mallory,* on the other hand, in 
autopsies of 50 patients who had bronchiectasis, found that em- 
physema and asthma were not important factors. From my own 
experience, bronchiectasis is rarely due to bronchial asthma, al- 
though the two conditions are rather frequently found in the 
same person. 

I would also like to suggest that the diagnosis of bronchiectasis, 
if present, be made as early as possible so that lobectomy may be 
successfully carried out. This girl is one of three of my patients 
in whom surgery has been very successful. Unfortunately, we have 
other patients in whom lobectomy cannot be done because they 
are either too old or too many lobes have been invoived. 


Discussion 

From these cases, seen over many years, one might get the im- 
pression that so-called “nonallergic asthma” is common. This is 
not true. For every case which suggests the diagnosis of asthma. 
probably 90 per cent have real bronchial asthma and most of 
them can be completely or at least partially relieved of their 
wheezing and dyspnea. Competent allergy measures consist first 
of an accurate, painstaking, detective-type of history. Then follow 
a thorough physical examination, fluoroscopy, with or without 
x-ray films, and laboratory work, with special emphasis on a search 
for eosinophilia. Skin tests come next and should first be done 
by the scratch method, to avoid possible systemic reactions, then 
by supplementary intradermal skin tests. These skin tests are fol- 
lowed by clinical trials of avoidance and exposure. Offending 
substances or foods are removed as completely as possible. If 
important inhalant materials cannot be completely avoided, we 
inject a series of extracts made from the causative allergens—this 
process is called hyposensitization (desensitization). 

The cases here illustrated happen to be those of individuals who 
were thought to have bronchial asthma because they wheezed 
and were short of breath. Anything, of course, which causes partial 
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obstruction of the tracheobronchial tree can cause these symp- 
toms. Foreign bodies in the lumen, lesions of the wall itself, or 
tumors or other swellings by pressure from without—any one of 
these can simulate bronchial asthma. In one sense we can say 
that these cause “asthma,” but we should jealously guard the term 
“bronchial asthma” to mean the true allergic type which is mani- 
fested by wheezing all over both lungs and in which the expiration 
is usually longer and more difficult than inspiration, and in which 
there are other findings common to the allergic diseases. 

Eosinophilia is usual in allergic conditions, yet its presence is 
by no means diagnostic of allergy. There were high percentages 
of eosinophils in the sputum in the patient with the carcinoma 
of the trachea and in the case of silicosis. Blood eosinophilia is 
also common in other conditions, notably trichiniasis and other 
parasitic diseases, as well as in periarteritis nodosa, Loeffler’s 
syndrome, and tropical eosinophilia. Nasal smears, however, are 
very accurate—a finding of 10 per cent eosinophilia or more is 
almost always diagnostic of some form of allergic rhinitis. 

The literature is full of reports of cases in which the differential 
diagnosis from bronchial asthma is discussed. Much of this has 
been summarized by the author in a book on bronchial asthma,‘ 
and in reviews of the literature;°° also in articles.'°-'? 

From these cases it seems almost superfluous to urge all aller- 
gists to become better diagnosticians and all internists to learn 
more about allergy. Each complements the other; both are es- 
sential. 


SUMMARY 


1) “Nonallergic asthma” can occur from any condition in which 
there is a partial obstruction of the laryngotracheobronchial tree 
It can also occur from sudden dilatation of the left ventricle. 

2) We have discussed patients whose wheezing and dyspnea were 
due to (1) a leiomyoma of the trachea, (2) a carcinoma of the 
carina, (3) a substernal goiter, (4) silicosis of the lungs, (5) acute 
cardiac dyspnea (cardiac asthma), and (6) bronchiectasis. 

3) We urge all allergists to become more proficient as internists, 
and also suggest that all internists learn enough about allergy so 
that they can make correct diagnoses and hurry the allergy sur- 
veys which are so important in the treatment of true allergic 
conditions. 


RESUMEN 


1) “El asma no alérgica” puede ocurrir en cualquier padeci- 
miento en el que hay una obstruccion parcial del arbol bronquial. 
También puede ocurrir por la repentina dilatacién del ventriculo 
izquierdo. 
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2) Hemos discutido casos de enfermos en los que hay disnea 
silbante, debida a: (1) leiomioma de la traquea; (2) carcinoma de 
la carina; (3) bocio subesternal; (4) silicosis pulmonar; (5) disnea 
cardiaca aguda (asma cardiaca) y (6) bronquiectasia. 

3) Es urgente que los alergistas sean mas acabados internistas. 
y sugerimos que todos los internistas aprendan bastante de la 
alergia, de modo que puedan hacer diagndosticos correctos y apre- 
surar las investigaciones alérgicas que son tan importantes en el 
tratamiento de las afecciones alérgicas verdaderas. 


RESUME 


1) L’asthme “non allergique” peut survenir dans tous les cas 
ou il existe une obstruction partielle de l'arbre laryngo-trachéo- 
bronchique. Il peut également provenir d'une dilatation soudaine 
du ventricule gauche. 

2) Les auteurs exposent les observations de malades dont les 
sifflements respiratoires et la dyspnée étaient dus (1) 4 un leiom- 
yome, (2) & un cancer de la carena, (3) a un goitre rétro-sternal, 
(4) @ une silicose pulmonaire, (5) 4 une dyspnée aigue d'origine 
cardiaque, (6) 4 des dilatations bronchiques. 

3) Les auteurs insistent sur la nécessité de voir les spécialistes 
en allergie devenir plus compétents que les médecins de médecine 
générale. Ils proposent également que tous les médecins de mé- 
decine générale étudient suffisamment la question de l‘allergie. 
pour qu'ils puissent faire le diagnostic correct et proposer les 
recherches au point de vue de l’allergie, qui sont si importantes 
quand elle est véritablement en cause. 
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Discussion 


HARRY H. EPSTEIN, M_.D., F.C.C.P. 
Jamaica, New York 


Dr. Unger has vividly emphasized Dr. Chevalier Jackson’s dictum 
of “All is not Asthma that Wheezes.” 

The fact that some of these patients may be treated uselessly 
for bronchial asthma is not nearly as important as the fact that 
the underlying cause of the wheezing is being overlooked in pa- 
tients in whom proper treatment could produce a cure. 

As Dr. Unger points out, adrenalin is not the therapy for the 
hypertensive and arteriosclerotic cardiac who has an attack of 
dyspnea and wheezing during the night. Nor are antihistaminics 
the treatment of choice for the patient with tuberculous endo- 
bronchitis, or one with a bronchial adenoma merely because these 
people wheeze. 

Dr. Unger states that so-called “non-allergic asthma” is not 
common, and that 90 per cent of the cases which suggest asthma 
have real bronchial asthma, and most of these patients can be 
completely or partially relieved of their wheezing and dyspnea. 
This may be true in the allergy clinic—but certainly is not our 
experience in the chest clinic. The majority of our patients with 
wheezing, usually over 40, are suffering from chronic bronchitis, 
bronchiectasis and obstructive emphysema. The majority of them 
were previously treated in the allergy clinic without benefit. At 
least to us, they have been a challenge, for despite bronchodi- 
lators—KI and antibiotics, they have continued to cough, wheeze, 
and be short of breath. 

I would like to add two cases that fall into the category of 
“Non-Allergic Asthma.” 


The first case, M.L., was a 30 year old white female whose first pul- 
monary symptom was wheezing which began in December 1946. This 
lasted for one month. It recurred in September 1947 after the delivery 
of her first child. Soon after she sought medical aid and was diagnosed 
as bronchial asthma. 

She continued under treatment until November 1948 when she de- 
veloped a productive cough and streaking. At that time an x-ray film of 
the chest was taken which revealed evidence of a lesion suggestive of 
tuberculous infection of the right upper lobe. 

The patient was hospitalized in December 1948, at which time the 
physical examination revealed some post tussic rales over the right upper 
lobe and wheezing more marked over the right lung. 

A chest x-ray film showed a fibrotic type of infiltration in the right 
upper lobe with some honeycombing. The small fissure was elevated. 
Tomagraphic studies failed to reveal definite evidence of cavitation. The 
sputum contained tubercle bacilli. 

The patient received a six weeks course of streptomycin and PAS and 
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the wheezing disappeared. The sputa became negative on smears and 
cultures and she was discharged in September 1949. 

In December 1949 the wheezing recurred and an x-ray film showed 
the same fibrotic type of infiltration in the right upper 'obe with some 
honeycombing. She was again placed on streptomycin and again the 
wheezing disappeared. 

In November 1950 she was seen again with a history of wheezing for 
several months but it had cleared spontaneously. An x-ray film at 
that time showed evidence of an atelectatic area in the apex of the right 
lung. A right lateral film suggested that this involved the apical and 
posterior segments of the right upper lobe. The sputa were positive for 
tubercle bacilli 

On December 18, 1950, she had right upper lobe lobectomy. The path- 
ological specimen showed numerous areas of ulcerative endobronchitis, 
tuberculous in nature, in the apical and posterior segments. There was 
no evidence of active endobronchial disease in the stem bronchus and no 
cavity was found. There were numerous nodular areas of tuberculous 
pneumonia. Since the operation there has been no wheezing. 


The second case, F.H., was a 61 year old white woman with a history 
of cough and wheezing for many years. She was hospitalized in 1947 and 
1949 with the above complaints,—and chest x-ray films on both admis- 
sions were reported as showing evidence of generalized increase of bron- 
chovascular markings with enlargement of the hila and pronounced 
accentuation of the basal markings. There was evidence of an old tuber- 
culous lesion in the right apex. The diagnoses on both admissions were: 

1) Chronic Bronchitis. 
2) Pulmonary Emphysema. 
3) Possible Bronchiectasis. 

Following discharge for the second time. a sputum culture was re- 
ported as positive for Friedlander’s Group A Bacillus. 

The patient was re-admitted to the hospital on February 24, 1951. 
complaining of cough, productive of yellowish sputum, wheezing and 
shortness of breath. A chest examination revealed wheezing on both 
sides, diminished breath sounds and many moist rales 

The x-ray film of the chest showed evidence of some calcific deposits 
in the right apex and what appeared to be a diffuse fibrosis throughout 
both lung fields—with more extensive involvement at the bases. Sputa 
cultures again showed Friedlander’s Group A Bacillus. 

She was placed on streptomycin and the wheezing disappeared. Cul- 
tures of sputum, however. remained positive for tubercle bacilli. Sensi- 
tivity studies showed that the organisms were most sensitive to chloro- 
mycetin and therapy was switched to this antibiotic. 

A new x-ray film showed considerable resolution of the infiltration 
on both sides. 

The sputa became sterile after three weeks of therapy and has re- 
mained so. 


Thus before one makes a diagnosis of bronchial asthma—re- 
gardless of a history of allergy or positive skin tests—one must 
first rule out other pathology in the tracheo-bronchial tree. 
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Neurohemodynamics of Pulmonary Edema. 


I. Autonomic Influence on Pulmonary Vascular 
Pressures and the Acute Pulmonary Edema State” 
A Preliminary Report 


STANLEY J. SARNOFF, M.D. and L. CHARLOTTE SARNOFF: 
Boston, Massachusetts 


The vast body of experimental data causally relating central 
nervous system phenomena to the development of acute pulmonary 
edema has only infrequently been accompanied by appropriate 
hemodynamic observations. The term “neurogenic pulmonary 
edema” has been used to cover this genera] area and usually this 
concept is associated, in the minds of many, with an increase in 
the permeability of pulmonary capillaries arising as a direct effect 
of nerve impulses on those vessels. The authors know of no data 
in which there has been demonstrated an increase in the rate of 
transfer of fluid from the pulmonary capillary to the pulmonary 
extravascular space in the absence of a rise in pulmonary capillary 
pressure, and wherein nervous impulses have been shown to be 
a direct causative influence in this phenomenon. 

Recently Cameron and De'? in attempting to produce hydro- 
cephalus in the rabbit injected thrombin and fibrinogen into the 
cisterna magna. This was soon followed by massive, lethal pul- 
monary edema. The authors felt that an alteration in pulmonary 
capillary permeability had probably occurred. This interesting 
phenomena seemed worthy of further analysis and accordingly 
the following study was undertaken. 


Method 


Urethane anesthesia, 4 cc. per kilogram of a 25 per cent solution 
intravenously was used in the 18 rabbits studied. Morphine (4 
mg./kilogram), chloralose (48 mg./kilogram) and urethane (480 
mg./kilogram) was used in the 62 dogs studied. 

A trimethylene thiophanium d-camphor sulfonate (RO 2-2222 
has been shown by Randall et al. to block sympathetic ganglia and 


*This study was supported by a research grant from the National Heart 
Institute, U. S. Public Health Service. 


Presented at the 17th Annual Meeting of the American College of Chest 
Physicians, Atlantic City, New Jersey, June 7-10, 1951. 

*+Department of Physiology, Harvard School of Public.Health, Boston, 
Massachusetts. 
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electrical stimulation of the vagi.* This agent was used as a gan- 
glionic blocking agent in these experiments.* 

Spinal anesthesia was administered by means of a previously 
placed subarachnoid catheter.‘ 

All pressures were recorded electrically through catheters placed 
on the arterial and venous sides of the pulmonary and systemic 
circulations by means of electromanometers.® Fluoroscopy was 
used for catheter placement when needed. 

Thrombin (0.5 cc.) and fibrinogen (2.0 cc.) were injected through 
the atlanto-occipital membrane of the rabbit, and 3.0 cc. thrombin 
and 12 cc. fibrinogen were used in the dog. In the latter the intra- 
cisternal injection was frequently made after the atlanto-occipital 
membrane had been opened widely, thereby preventing an in- 
crease of intracisternal pressure. 

Isotonic saline infusions, when used, were given with a positive 
displacement pump to insure identical rates of administration. 
The “standard” infusion was 10 cc. per kilogram given in one 
minute. 

Aortic flow (cardiac output minus coronary flow) was measured 
by diverting the aortic stream through the electromagnetic rota- 
meter of Shipley and Crittenden®’ and feeding the output into 
one of the channels of the direct writing recorder so that pres- 
sures and flows could be simultaneously registered. 


Results 


Observation in the Rabbit: All but one of the 18 rabbits receiving 
intracisternal fibrin developed massive, lethal pulmonary edema, 
and the majority showed a voluminous outpouring of pink froth 
and fluid from the tracheotomy tube either a few minutes prior 
to or just after cessation of the heartbeat. 

Arterial hypertension and elevations of left auricular pressure 
occurred in the four rabbits in which these determinations were 
made. In the first of these, left auricular pressure rose from 0 to 
41 mm. Hg concomitantly with a mean carotid arterial pressure 
rise from 55 to 150 mm. Hg and a right auricular pressure rise 
from —2 to 35 mm. Hg. In the second rabbit, left auricular pres- 
sure rose from 7 to 40 mm. Hg while mean carotid arterial pres- 
sure rose from 100 to 150 mm. Hg (Figure 1). In the third rabbit 
left auricular pressure rose from 3 to 25 mm. Hg while mean 
carotid arterial pressure rose from 75 to 130 mm. Hg. In the 
fourth, left auricular pressure rose from 0 to 15 mm. Hg while 
carotid arterial pressure rose from 60 to 140 mm. Hg. 

When, by virtue of the open chest preparation, it was possible 


*RO 2-2222 (Arfonad) was generously supplied through the courtesy of 
Dr. Elmer L. Sevringhaus of Hoffmann-LaRoche, Inc., Nutley, N. J. 
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to observe the left auricle, this was seen to increase approximately 
four to five times in size within 20 to 30 seconds after the intra- 
cisternal injection. 

The rabbit lungs were examined immediately post-mortem. 
Figure 1 is representative of what was found. The lungs were 
markedly edematous and free fluid as well as foam came from 
the cut surfaces. There were aiso circumscribed areas of em- 
physema. 

Observations in the Dog: The period directly after the fibrin 
injection was characterized by a brief bradycardia which was 
supplanted by a striking tachycardia within 30 seconds. Although 
the response of vascular pressures was not uniform, more than 
three-fourths of the dogs subjected to intracisternal fibrin re- 
sponded with a significant elevation of pulmonary venous pres- 
sures. These rose to levels which varied between 20 and 75 mm. Hg 
with the average response showing a rise of 30 to 40 mm. Hg. This 
usually occurred within the first 60 to 120 seconds after the injec- 
tion and was accompanied by a striking arterial hypertension 
which varied between 225 and 350 mm. Hg mean arterial pressure. 
In all dogs in which an elevated left auricular pressure occurred, 
there was a parallel and approximately equivalent rise in pul- 


FIGURE 1 FIGURE 2 


Figure 1: Lungs of rabbit No. 3. Died seven minutes after the intracisternal 
injection of 0.5 cc. thrombin and 2.0 cc. fibrinogen. Pink froth from trachea 
prior to death.—Figure 2: V.C.. vena cava; P.V..pulmonary vein; A --aorta; 
C.O.. aortic flow in liters per minute; bottom line—timer (1 second) and 
signal marker. One hundred gamma protoveratrine were injected intracis- 
ternally and bilateral vagotomy was done prior to beginning of tracing. In 
upper three tracings, solid lines are electrically integrated (mean) pressures. 
Others are full pulse pressures. At signal. 0.04 mg. per kilogram RO 2-2222 
were injected intravenously. ‘The 3-second elevation of flow at the signal is 
artefact.) Note rise in aortic flow together with fall in pulmonary venous and 
aortic pressures after the ganglinoic blockade. There was also a slight fall in 
vena cava pressure. The pulsus alternans which was present initially disap- 
peared soon after the beginning of diminution in peripheral resistance. 
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monary arterial pressure. In some dogs a parallel rise of thoracic 
vena cava pressure of considerable proportions (30 mm. Hg) also 
occurred but in most instances this was less than 7 mm. Hg. 

Effects of Total and Partial Autonomic Blockade on Elevated 
Pulmonary and Systemic Vascular Pressures: The administration 
of RO 2-2222 in doses of 0.04 mg./kilogram was followed by a return 
to control levels of previously elevated pulmonary venous and 
pulmonary arterial pressures. This occurred in between 30 and 
90 seconds after the injection of RO 2-2222. This return to normal 
levels of pulmonary vascular hypertension was accompanied by a 
fall in vena caval pressures to or near control values. Concomitant 
with these changes there was a slight (15 per cent) to pronounced 
(60 per cent) fall of mean systemic arterial pressures from the 
excessively high levels that obtained after the intracisternal in- 
jection of fibrin. High spinal anesthesia had the same effect as 
RO 2-2222 but required two to five minutes before the subarach- 
noid block took effect. 

Bilateral mid-cervical vagotomy prior to the intracisternal in- 
jection of fibrin did not prevent the development of pulmonary 
venous and arterial hypertension. When bilateral vagotomy was 
done after the intracisternal fibrin and the pulmonary vascular 
hypertension had already developed, these elevated pressures did 
not fall and in all instances but one rose to somewhat higher 
(3 to 12 mm. Hg) levels. 

The removal of the intact sympathetic chains from the stellate 
to the fifth thoracic ganglia on both sides prior to the intracis- 
ternal injection of fibrin did not prevent the rise of pulmonary 
or systemic vascular pressures and subsequent bilateral vagotomy 
at such a time produced a further slight elevation of pulmonary 
vascular pressures. RO 2-2222 (0.04 mg./kilogram) was then given 
intravenously and pulmonary venous and arterial pressures fell 
promptly to the control level. 

Effect of Intracisternal Protoveratrine: Of the five dogs in which 
protoveratrine was injected intracisternally, three had elevations 
of pulmonary and systemic vascular pressures comparable to that 
seen with fibrin. The response was not immediate, however, taking 
about five minutes to develop. 

Effect on Aortic Flow of the Intracisternal Injection of Fibrin 
or Protoveratrine and the Subsequent Administration of RO 2-2222: 
Aortic flow (cardiac output minus coronary flow) was determined 
as described above and revealed the following information. Fol- 
lowing the intracisternal fibrin and concomitant with the elevation 
of pulmonary and systemic vascular pressures, there was a fall 
in aortic flow of between 20 and 40 per cent. This fall in aortic 
flow began promptly and then reached a low plateau usually one 
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to two minutes after the peak elevation of pulmonary venous 
pressure. This occurred in the vagotomized as well as non-vago- 
tomized dog. Subsequently, the administration of RO 2-2222 was 
followed by a rise in aortic flow concomitant with the fall in 
pulmonary venous and aortic pressures. The flow rose to an initial 
peak and then came to a plateau at a level between 30 and 80 
per cent above the previous low point (Figure 2). 

When a “standard” saline infusion (10 cc. per kilogram in one 
minute) was given prior to the intracisternal fibrin, there was 
little or no rise in pulmonary venous pressure, a slight to moderate 
rise in aortic pressure, and a substantial rise in aortic flow. Con- 
trariwise, in the same dog the same infusion given after intra- 
cisternal fibrin was accompanied by a marked further rise in 
pulmonary venous pressure and little or no rise in aortic pressure 
and aortic flow. After the subsequent sympathetic blockade, the 
response to the same infusion was like that seen prior to the 
intracisternal fibrin. 

Effect of RO 2-2222 on Pulsus Alternans: Six of the dogs studied 
developed left ventricular pulsus alternans during the period of 
extreme hypertension that followed the intracisternal injection of 
either fibrin or protoveratrine. In one of these there was a con- 
comitant right ventricular pulsus alternans as well. This occurred 


in vagotomized as well as non-vagotomized dogs. Sympathetic 
blockade with RO 2-2222 was followed by the prompt disappearance 
of the pulsus alternans in each case (Figure 2). 


Discussion 


Since the response to the intracisternal injection of fibrin is 
the same when the atlanto-occipital membrane is open as when 
it is closed, it seems unlikely that alterations in cerebrospinal 
fluid pressure play a role in this phenomenon. That the fibrin 
is acting as a non-specific irritant is suggested by the fact that 
intracisternal protoveratrine may have the same effect. 

It is apparent from the data presented above, namely high 
arterial pressures, low aortic flows and tachycardia, that the 
intracisternal injection is producing some kind of intense stim- 
ulation of the regulatory centers of the cardiovascular system. 
Beyond this, we have very little understanding of the nature of 
the local phenomenon. 

Deductions concerning the resultant cardiovascular hemody- 
namic changes that occur are, however, rather more fruitful. The 
fact that aortic flow falls, while systemic arterial pressure is 
markedly elevated, makes certain the development of an intense 
increase in peripheral vascular resistance, in some instances a 
threefold increase. Inasmuch as this increase in resistance forces 
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the left ventricle to work at pressures at the upper limit of its 
functional capacity, the left ventricle, even though presumably 
normal, may be expected to reach its work-failure threshold and 
be unable to eject all of the blood fed into it by the right heart. 
This will of course result in an increase of blood in the pulmonary 
vascular bed and, if this defect persists, in an elevation of pul- 
monary vascular pressures, among them that in the pulmonary 
capillary. 

Further, systemic vasoconstriction, including the large venous 
beds, results in a diminution of volume in the peripheral vascular 
bed. This decrease of blood volume must be volumetrically dis- 
placed into some other vascular compartment when the changes 
are as rapid as those described above. It is more than reasonable 
to expect that this shift of blood will, under these circumstances, 
take advantage of a vascular area of very low constrictor potential, 
namely the lung. The result again is an increase in pulmonary 
blood volume. 

If the pressure-volume characteristics of the vessels of the lung 
are like those of other vessels, they will tolerate a substantial 
increase of volume until that point where a further small increase 
in volume will cause a sharp rise in pressure. It is this state of 
affairs which, we believe, is brought about by the intracisternal 
injection of fibrin. namely: 1) an increase in resistance against 
which the left ventricle is working to a point above its work- 
failure threshold and 2) a significant shift of blood from the 
Systemic to the pulmonary vascular bed. 

The evidence supporting the increase in peripheral resistance, 
after intracisternal fibrin, is clear, namely high mean systemic 
arterial pressures and low aortic flows. That this increase in peri- 
pheral resistance is sufficient to exceed the heart's work-failure 
threshold is suggested by: a) the extent to which aortic flow falls 
in the presence of markedly elevated left auricular and therefore 
of left ventricular end-diastolic filling pressures; b) the develop- 
ment of signs of left ventricular strain such as pulsus alternans; 
and c) the fact that the type of infusion, which prior to peri- 
pheral vasoconstriction results in an elevation of aortic flow and 
pressure and no rise in left auricular pressure, after peripheral 
vasoconstriction, results in a rise in left auricular pressure and 
little or no rise in aortic flow and pressure. 

There can be no doubt that a shift of blood from the periphery 
to the lung does occur since one can see gross enlargement of the 
left auricle and engorgement of the pulmonary veins as the pres- 
sures therein rise following the intracisternal fibrin. 

Evidence supporting the direct participation of the venocon- 
strictor mechanism in this shift of blood volume is somewhat 
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more presumptive since left ventricular failure alone could account 
for it. However, in one experiment where left auricular pressure 
rose at a point in time prior to the elevation of systemic arterial 
pressure, the most satisfying explanation appeared to be that the 
venous bed had suddenly poured a large volume of blood into the 
lung. Further, in those experiments in which systemic venous 
pressure was markedly elevated, this could not be accounted for 
solely on the basis of concomitant right ventricular failure. 

It would seem from the data presented above that the neuronal 
pathways responsible for producing these elevated pulmonary vas- 
cular pressures are neither in the vagus nor in the sympathetic 
nerve supply to the lung. For, in the absence of either or both of 
these pathways, elevated pulmonary vascular pressures still de- 
veloped after the intracisternal fibrin. On the other hand, when 
the remaining significant autonomic pathways, namely the sym- 
pathetic supply to the peripheral vascular bed, were blocked, pul- 
‘ monary vascular pressures promptly returned to normal. Further 
evidence that active pulmonary vasoconstriction itself was not a 
significant participant in the phenomenon described above is ap- 
parent from the fact that the pressure gradient between pulmonary 
artery and vein increased little, if at all, whereas that between 
the aorta and vena cava was markedly widened. 

From these considerations it is necessary to consider seriously 
that nervous control of the volume and pressure of the blood in 
the pulmonary vascular bed is, under certain circumstances, a 
real and important regulatory mechanism. The pathway for this 
control, however, is not to be found entirely in the autonomic 
supply to the lung but rather in those nerves supplying the peri- 
pheral vascular bed. 

In view of the above findings and their interpretation, it may 
be tenable to think of treating acute pulmonary edema due to 
hypertension along the following lines. Peripheral vasodilation, 
by decreasing the resistance to the left or failing ventricle, will 
permit the transformation of a larger proportion of cardiac energy, 
for which there is a limited capacity. into flow. Concomitantly, 
peripheral vasodilation, by increasing the volume of the peripheral 
vascular bed, will decrease the volume of blood in the pulmonary 
vascular bed and therefore decrease the pressures therein. It is 
probably not desirable to produce a precipitous fall in arterial 
pressure in hypertensive patients, especially in the presence of 
significant atherosclerosis. It was therefore reassuring to find that 
even a slight (15 per cent) fall in mean arterial pressure was 
accompanied by a return to normal of markedly elevated pulmon- 
ary vascular pressures. 

It is somewhat less compelling to incriminate the effect of nerve 
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impulses on pulmonary capillary permeability when it can be 
demonstrated that pulmonary venous pressure rises to levels ade- 
quate to explain the edema that ensues. Accordingly the ivose 
designation “neurogenic pulmonary edema” has been discarded 
in favor of what authors believe to be a more meaningful term. 
namely, “neurohemodynamic pulmonary edema.” 

These experimental studies would seem to explain the thera- 
peutic effect of spinal anesthesia when given to patients in acute 
pulmonary edema as previously described." It was thought, how- 
ever, that it would be much more desirable to be able to accom- 

} plish a quantitative and readily reversible peripheral vasodilation 
pharmacologically. Accordingly, an investigation into the action 
of RO 2-2222 in man was instituted. Preliminary results in the 16 
hypertensive patients studied thus far have revealed that it has 
certain attractive features.° More specifically, the dose-response 
relationship is such as to permit a graded reduction of arterial 
pressure to whatever levels are desired. Further, the cessation of 
the intravenous drip containing this drug is followed by a prompt 
(3 to 15 minute) return of arterial pressure to control levels (Fig- 
ure 3). Toxicity appears to be low. 
The role of the sympathetic pathways in producing pulmonary 
: edema, the changes in pulmonary blood volume, and other hemo- 
dynamic sequences in pulmonary edema are described in detail 
elsewhere.'®"!* 
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FIGURE 3: Patient A.M. Shows fall in arterial pressure during administra- 
tion of RO 2-2222. Arterial hypotension approximately proportional to rate of 
administration. The drug was in a continuous infusion of a solution of 5 per 
cent dextrose in water containing 2 mg. per cubic centimeter. The drip rate 
was then adjusted to vary the rate of administration as shown. Arterial pres- 
sure rose promptly after cessation of the drip and fell again after restarting 
it, indicating a lack of tachyphylaxis within this period. 
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SUMMARY 


1) The intracisternal injection of thrombin and fibrinogen pro- 
duces acute pulmonary edema in the rabbit and dog. 


2) The immediate post-injection period is characterized by the 
development of arterial and venous hypertension in both the pul- 
monary and systemic circulations, with pulmonary venous pres- 
sures that may reach 75 mm. Hg in the dog. 

3) This cardiovascular response is also accompanied by a sig- 
nificant decrease in aortic flow. 


4) Concomitantly there occurs a grossly observable increase in 
the size of the left auricle and engorgement of the pulmonary 
veins providing presumptive evidence of an increase in pulmonary 
blood volume. 


5) In some experiments pulsus alternans occurred during the 
period of low aortic flow and elevated aortic and pulmonary 
venous pressures. 

6) The elevation of pulmonary and systemic vascular pressures 
was not prevented either by vagotomy or upper thoracic sympa- 
thectomy, nor did vagotomy lower these elevated pressures after 
they had developed. 

7) The administration of sympathetic blockage by either spinal 
anesthesia or RO 2-2222 was followed by a fall in aortic, vena caval, 
pulmonary arterial, and pulmonary venous pressures simultan- 
eously with a rise in aortic flow. Pulsus alternans, when it oc- 
curred, reverted to normal rhythm soon after sympathetic blockade. 

8) It is believed that the intracisternal injection of fibrin, 
among other things, stimulates cardiovascular centers and that 
this in turn increases the resistance against which the left ven- 
tricle is made to work. This increase in peripheral resistance may 
then exceed the work-failure threshold of the left ventricle result- 
ing in elevated pulmonary vascular pressures. 

9) The shift of significant amounts of blood from the peripheral 
to the pulmonary circulation is probably enhanced by systemic 
vasoconstriction, since this latter phenomenon decreases the vol- 
ume of the peripheral vascular bed. 

10) Since markedly elevated pulmonary vascular pressures can 
be returned to normal levels with only a moderate decrease in 
arterial pressure in hypertensive dogs, it seems reasonable to 
attempt to treat clinical pulmonary edema in this manner. It is 
felt that a carefully graded peripheral vasodilation, such as seems 
to be obtainable with RO 2-2222, would provide the means for: a) 
decreasing the work of the left ventricle per unit of flow, and 
b) shifting blood from the pulmonary to the peripheral circula- 
tion. Clinical evidence supporting this hypothesis may be found 


693 
\ 
| 
. 


694 SARNOFF AND SARNOFF Dec., 1952 


in the observation that spinal anesthesia confers a therapeutic 
effect on the acute pulmonary edema state of the hypertensive 
patient. 


RESUMEN 


1) La inyeccion intracisternal de trombina y fibrindégeno pro- 
duce edema pulmonar agudo en el conejo y en el perro. 

2) El periodo inmediato después de la inyeccion esta caracte- 
rizado por desarrollo de hipertension arterial y venosa, en ambas 
circulaciones, la pulmonar y la general, con presiones de la vena 
pulmonar que pueden alcanzar los 75 mm. de mercurio en el perro. 

3) Esta respuesta cardio-vascular va también acompafiada de 
una disminucion significativa del flujo aortico. 

4) Al mismo tiempo ocurre un aumento facilmente observable 
en el tamano de la auricula izquierda y un engrosamiento en las 
venas pulmonares haciendo presumir un aumento del volumen de 
la sangre pulmonar. 

5) En varios experimentos se presento pulso alternante durante 
el periodo de bajo flujo aortico y elevadas presiones aorticas y 
pulmonares. 

6) La elevaciOn de las presiones en vasos pulmonares y en la 
circulaciOn general no fué evitada por vagotomia, ni por la simpa- 
tectomia superior toracica. Tampoco la vagotomia logro bajar estas 
elevadas presiones después de que se hubieron presentado. 

7) La produccién del bloqueo simpatico por ya sea anestesia 
espinal 6 RO 2-2222, fué seguida de un descenso de las presiones 
adrtica, de la cava, de la arteria y vena pulmonares, y ocurri6 al 
mismo tiempo un aumento en el flujo adrtico. Cuando ocurrid, el 
pulso alternante volvi6 al ritmo normal poco después del bloqueo 
simpatico. 

8) Se cree que la inyeccion intracisternal de fibrina, entre otras 
cosas, estimula los centros cardio-vasculares y estos aumentan la 
resistencia contra la cual se hace trabajar al ventriculo izquierdo. 
Este aumento en la resistencia periférica puede entonces exceder 
el umbral de la insuficiencia del ventriculo izquierdo, resultando 
en presiones pulmonares elevadas. 

9) El desplazamiento de importantes cantidades de sangre de 
la circulacion periférica a la pulmonar es probablemente aumen- 
tado por la constriccion sistémica de los vasos, ya que este ultimo 
fenomeno disminuye el volumen del lecho periférico vascular. 

10) Puesto que las presiones de vasos pulmonares elevadas mar- 
cadamente pueden ser regresadas a sus nivéles normales con sdlo 
un descenso moderado en la presién arterial de perros hipertensos, 
parece razonable el tratar edema pulmonar clinico de esta manera. 
Se cree que una dilatacién vascular periférica cuidadosamente 
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graduada, tal como segun parece se puede obtener con RO 2-2222, 
proporcionaria los medios para: a) disminuir el trabajo del ven- 
triculo izquierdo por unidad de flujo y b) cambiar la sangre de la 
circulaci6n pulmonar a la periférica. La evidencia clinica para 
sostener tal hipdtesis puede ser encontrada en la observacioén de 
que la anestesia espinal confiere un efecto terapéutico en el estado 
de edema pulmonar agudo del paciente hipertenso. 


RESUME 


1) L'injection intracisternale de thrombine et de fibrinogéne 
provoque des oedémes pulmonaires aigus chez le lapin et chez le 
chien. 

2) La phase faisant suite immédiatement a l'injection se carac- 
térise par l'apparition d'une hypertension artérielle et veineuse 
dans les circulations pulmonaire et systemique. La pression pulmo- 
naire veineuse peut atteindre 75 mm. de mercure chez le chien. 

3) Cette réponse cardio-vasculaire est accompagnée par une re- 
marquable diminution du courant aortique. 

4) Concuremment on note une augmentation considérable des 
dimensions de loreillette gauche et des veines pulmonaires, ce qui 
fait prévoir une augmentation du volume sanguin de la circulation 
pulmonaire. 


5) Au cours de quelques expériences, un pouls alternant apparut 
pendant la période de l’aibaissement de la circulation aortique, et 
les pressions elevée aortique et pulmonaire veineuse. 


6) L’élévation des pressions pulmonaire et systémiques vascu- 
laires du systeéme pulmonaire n'a pu étre empéchée, soit par section 
du pneumogastrique, soit par sympathectomie de la chaine thora- 
cique supérieure. La section du pneumogastrique n’abaissa pas non 
plus les pressions élevée aprés qu’elles aient apparu. 

7) Le blocage sympathique soit par anesthésie rachidienne, ou 
par un produit de synthése (RO 2-2222) fut suivi d'une chute de la 
pression dans l’aorte, la veine cave, l’artére pulmonaire et les 
veines pulmonaires, tandis que, en méme temps, s’élevait le flux 
aortique. Lorsque survint le pouls alternant, le retour au rythme 
normal apparut rapidement aprés le blocage sympathique. 

8) Les auteurs pensent que l'injection intracisternale de fibrine, 
entre autres choses, stimule les centres cardio-vasculaires et finale- 
ment augmente la résistance contre laquelle lutte le ventricule 
gauche. Cette augmentation dans la résistance périphérique peut 
méme dépasser la limite de travail du ventricule gauche, entrainant 
une élévation des pressions pulmonaires. 

9) La poussée de sang désertant la périphérie pour rejoindre la 
circulation pulmonaire est probablement renforcée par une vaso- 
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constriction systématique, laquelle abaissa le volume de la circu- 
lation systémique. 

10) La pression pulmonaire méme trés élevée peut redevenir 
normale, avec une diminution trés discréte de la pression arté- 
rielle chez les chiens hypertendus. Il semble logique de traiter 
cliniquement l’oedéme pulmonaire en mettant a profit cette notion. 
Une vaso-dilatation périphérique prudente telle que celle qu’on 
semble obtenir avec le produit RO 2-2222 permettra: a) une diminu- 
tion du travail du ventricule gauche; b) un déplacement du sang 
de la circulation pulmonaire vers la circulation périphérique. La 
preuve clinique de cette hypothése nous est offerte par le fait que 
lanesthésie intrarachidienne a un effet thérapeutique dans l'oe- 
déme aigu du poumon du a l‘hypertension artérielle. 
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Discussion 


IRVING MACK, M_D., F.C.C.P. 
Chicago, Illinois 


The problem of pulmonary edema is an unusually complex one 
because of the large number of variable factors always to be con- 
sidered. In addition to the method used by the Drs. Sarnoff, num- 
erous techniques have been devised to produce pulmonary edema 
in the experimental animal. These include such diverse methods 
as the intravenous injection of large quantities of ammonium 
salts, bilateral cervical vagotomy alone, or in conjunction with 
intravenous fluids, production of severe injury to the left ventricle, 
craniad injection of fluids under high pressures into the common 
carotid arteries, the production of hemorrhagic shock, and the 
inhalation of noxious gases. The difference in pathogenesis is obv- 
ious when one compares the pulmonary edema resulting from 
aortic arch ligation with that produced by phosgene inhalation. 
It is when less direct methods are used and compared, that much 
uncertainty arises about the exact mechanism of production of 
the edema. 

Dr. Sarnoff has suggested that in his experiments, the phenom- 
enon could be explained by the combination of backward failure 
of the left ventricle and the shifting of much of the blood from 
the systemic to the pulmonary pool. He correctly indicated that 
there was no evidence for so-called “neurogenically induced in- 
creased capillar permeability” in the lungs. However, since the 
permeability of a membrane usually bears an inverse relationship 
to its thickness, it may be seen that once excessive capillary dila- 
tion has occurred, some increased permeability may result because 
of the “thinning out,” as it were, of the capillary wall. Furthermore, 
the oxygen supply of the cells composing the capillary walls in 
the alveoli is obtained from the alveolar air, and as indicated by 
Drinker, once a layer of transudate forms over the capillaries and 
also obstructs many of the bronchioles, anoxia of the capillary 
walls will develop, and true increased permeability probably re- 
sults. For this reason the edema fluid first formed may be a ~ 
transudate with a very low protein content while that produced 
later and found eventually at necropsy may contain a much higher 
concentration of protein, as well as many red cells. This difference 
in protein content of early and late pulmonary edema fluid was 
observed by the Koenigs in their experiments with ammonium 
chloride pulmonary edema in the cat and guinea pig. I would 
like to ask Dr. Sarnoff if measurements were made of the protein 
content of the edema fluid at various stages of the experiment. 
Dr. Sarnoff showed very clearly the relationship between the 
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elevated systemic arterial pressure, left atrial pressure, pulmonary 
arterial pressure, reduced cardiac output, and thoracic vena caval 
pressure in the dog. It would be valuable, however, if in addition 
he would describe the sequence of pressure changes in these var- 
ious systems, and the usual rapidity of rise or fall of pressures in 
these systems. I assume from his mention of one case where the 
atrial pressure rose before the systemic arterial pressure did, that 
usually the first change was rise in systemic arterial pressure. 

How often did pulmonary edema occur in these dogs? Was the 
difference in incidence of pulmonary edema among the two types 
of experimental animals merely due to the species variation in 
cardiovascular response? Dr. Sarnoff stated that slightly less than 
25 per cent of the dogs, in spite of intracisternal fibrin injection, 
did not develop an elevation of pulmonary venous pressure. Did 
any of these dogs nevertheless develop changes in pulmonary 
arterial pressures? Did any of these animals in the absence of 
increased pulmonary venous pressure develop pulmonary edema? 
As early as 1902 it was learned that pulmonary edema could be 
produced by the intravenous injection of epinephrine, although 
the exact mechanism of its production has never been completely 
explained. Could the intracisternal injection of irritants have led 
to the release of large amounts of epinephrine, which in this way 
would have simulated these early experiments. 

It would be interesting, also, to know what effect the injection 
of some of the newer sympatholytic drugs, such as Dibenamine, 
Benzodioxane, and Dihydroergocornine, would have on the vascular 
dynamic sequellae of intracisternal injection of fibrin. It might 
be valuable also to see if other vasodilators such as nitrites or 
papaverine, by enlarging the systemic vascular pool, would have 
the same cardiovascular hemodynamic effects on these animals 
as the thiophanium derivative used. Was it possible to use any of 
the drugs mentioned to actually prevent or reverse the develop- 
ment of pulmonary edema in either experimental animals? 

Finally, it should be stated that two important variables remain 
which are as yet imperfectly understood. These are (1) the con- 
strictor tone of the pulmonary arterioles and its protective action 
against overdistension of the pulmonary capillaries, and (2) the 
exact role of the bronchiolar muscular tone and secretions in the 
production of inspiratory obstruction. 


4 
be 
| 
at 
| 
7 
4 
J 


The Early Recognition of Bronchiogenic 
Carcinoma” 


JIM S. JEWETT, M.D. 
Coral Gables, Florida 


Once regarded a pathologic rarity,' primary pulmonary malig- 
nancy has come to occupy first place among all cancers as a cause 
of death in men. In spite of the progress that has been made in 
thoracic surgery, the over-all salvage rate for bronchiogenic car- 
cinoma has remained discouragingly low primarily because this 
tumor is seldom detected early enough to permit complete extir- 
pation.?~ 

Some have contended that there are no symptoms or signs that 
will aid the clinician to recognize early bronchiogenic carcinoma.® 
Others have confessed a lack of specificity of symptoms and roent- 
genographic changes.’ All are agreed that there is a silent phase 
of variable duration, during which the growth causes no symptom, 
and that some tumors produce symptoms too late to permit early 
detection. 

We believe that there are significant early symptoms and roent- 
gen abnormalities in a high percentage of cases that will suggest 
a presumptive diagnosis of bronchiogenic carcinoma so that spec- 
ific methods of diagnosis will be sought. It is our purpose to focus 
attention on this aspect of cancer detection. 


Material 


During a four and one-half years’ period, we have seen 150 
patients with histologically proved bronchiogenic carcinoma. Ex- 
ploratory thoracotomy was done on 35 per cent of the entire group, 
but only 12 per cent of the total were suitable for resection. Five 
of those resected are still living; however, resection was thought 
possibly curative in only two. These disappointing results prompted 
a survey of the clinical records which disclosed that avoidable 
delays in diagnosis had occurred in most instances. 

An average of 10.5 months elapsed between the onset of symp- 
toms and the establishment of a correct diagnosis. Delay attribut- 
able to the patient averaged 4.1 months and to the physician 6.4 


"Reviewed in the Veterans Administration and published with the ap- 
proval of the Chief Medical Director. The statements and conclusions 
published by the author are the result of his own study and do not 
necessarily reflect the opinion or policy of the Veterans Administration. 
‘From the Department of Medicine, Wayne University College of Med- 
icine, and the Veterans Administration Hospital, Dearborn, Michigan. 
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months. The failure of the referring physician to recognize or 
suspect the presence of primary pulmonary neoplasm at its in- 
cipience most commonly resulted from three errors: (1) A lack of 
awareness that minor respiratory symptoms, particularly in males 
in the fifth and sixth decades of life, often signal the clinical onset 
of carcinoma, which led to the second error; (2) failure to obtain 
a chest roentgenogram early in the course of the disease; and. 
all too frequently when this study was available, (3) significant 
departures from ncrmal were either overlooked or misinterpreted. 

We propose to correlate the early clinical and radiographic 
features of bronchiogenic carcinoma with its site of origin within 
the bronchial tree (Table I). Early manifestations denote abnorm- 
alities that are detectable while the growth is still confined to 
the lung. 


Early Clinical and Roentgenographic Features of Carcinomas 
Arising in Main Stem or Lobar Bronchi: 


Fifty-eight per cent of the malignancies in our entire series 
had their site of origin within the main stem or lobar bronchi. 
Characteristically, tumors in this location produced symptoms of 
bronchial irritation, infection or hemorrhage relatively early in 
their course. The most common early roentgen abnormality on 


FIGURE 1 FIGURE la 


Figure 1: Chest roentgenogram on a 62-year-old Negro with complaint of 
wheezing sensation in right side of chest, interpreted as “Negative.” Nod- 
ular enlargement of the inferior aspect of the right hilar shadow over- 
looked.—Figure 1a: Mass lesion in the right hilum is more evident on 
admission film three years later. Bronchoscopy was negative, but explo- 
ration confirmed presumptive diagnosis of bronchial carcinoma, squa- 
mous cell type. There was no evidence of lymphatic dissemination, but his 
poor condition precluded resection. 
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the ordinary inspiration film was a slight, unilateral, easily over- 
looked, nodular enlargement of the hilar shadow. Occasionally 
the endobronchial extension of the growth was large enough to 
give striking signs of bronchial obstruction, manifested by localized 
wheeze or emphysema. More often the endobronchial portion was 
small at its onset; hence, complete obstruction of a lobar bron- 
chus, resulting in radiographic evidence of atelectasis, usually 
portended a well advanced malignancy. Arising close to the hila, 
they were prone to invade vital mediastinal structures and to ex- 
tend to the hilar lymph nodes comparatively early. Rarely squam- 
ous cell carcinomas were found to be extremely slow growing and 
to remain localized for long periods. Curative excision generally 
depended upon a diagnosis in the asymptomatic phase or during 
the period of minimal symptoms (Figures 1 and la). 

The most frequently encountered minimal symptoms of major 
bronchial tumors were cough and recurrent respiratory infection. 
Unfortunately, cough has become such a common symptom among 
cigarette smokers that its diagnostic significance has been ser- 
iously compromised. Approximately one-third of the patients with 
tumors in the lobar bronchi had a clinical onset characterized by 


FIGURE 2 FIGURE 2a 


Figure 2: Admission film on a 29-year-old man with acute pneumonia in 
base of right lung.—Figure 2a: The infiltration cleared during penicillin 
therapy revealing a mass in the right lower lobe. On bronchoscopic exam- 
ination a smooth vascular tumor almost completely occluded the right 
lower lobe bronchus. The presumptive diagnosis was bronchial “adeno- 
ma.” The tumor measured 4x3x3 cm. and resided for the most part 
without the bronchial lumen. The futility of attempting to remove such 
growths locally via the bronchoscope is graphically illustrated. Histo- 
pathologic diagnosis, bronchial adenoma, carcinoid type. Metastasis to 
a hilar lymph node had occurred. We believe bronchial adenomas behave 
as cancers, given sufficient time, and should no longer be regarded as 
benign tumors. 
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recurring respiratory infection. Their symptoms can be best de- 
scribed by the variety of diagnosis that were made. These included 
the common cold, bronchitis, grippe, flu, virus, or atypical pneu- 
monia, unresolved pneumonia and tuberculosis. The erroneous 
diagnoses tended to be confirmed, and a false sense of security 
was imparted, by the prompt symptomatic improvement that re- 
sulted when antibiotics were employed. The cough usually persisted. 
and the infection recurred after antibiotics were temporarily dis- 
continued. Trials of first one and then another of the antimicrobial 
agents were administered for weeks and sometimes months. It is 
absolutely requisite that all acute pneumonic infiltrations be ob- 
served until complete radiographic clearing is assured, if errors 
in early detection are to be avoided (Figures 2 and 2a). 

In our experience 25 per cent of all lung abscesses are secondary 
to bronchial carcinoma.* An acute lung abscess should, therefore. 
be carefully studied to exclude carcinoma, and prompt radiographic 
improvement should result, before undertaking a prolonged course 
of antibiotic therapy. If the walls of the abscess appear scalloped. 
the lesion is most surely carcinoma and should be attacked surg- 
ically at once (Figures 3 and 3a). 

Roughly one-fourth of the patients with major bronchial tumors 
had an insidious onset of non-specific complaints, e.g., malaise, 
fatigue, vague pains and gradual weight loss. Chronic cough and 


dyspnea were sometimes present but never striking. Not uncom- 


FIGURE 3 FIGURE 3a 


Figure 3: Chest roentgenogram of a man, aged 55 years, whose primary 
complaint was hemoptysis. Density is localized to the dorsal segment of 
the left lower lobe. A tumor mass had been seen bronchoscopically in the 
left lower lobe bronchus on three occasions elsewhere, but failure to 
obtain a positive biopsy had resulted in a decision to defer surgery.— 
Figure 3a: Six months later there has been no significant change in the 
appearance of the lesion as judged by our admission film. After another 
negative biopsy, the presumptive diagnosis of bronchial carcinoma was 
confirmed at thoracotomy. The segmental density was due to a choles- 
terol pneumonia distal to the blocked bronchus. 
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monly an exacerbation of a chronic illness in another system, such 
as peptic ulcer, hypertrophic arthritis or cardiac disease were the 
initial symptoms. Unusually long delays in arriving at the correct 
diagnosis are apt to occur unless the chest roentgenogram is em- 
ployed routinely. 


Early Clinical and Roentgenographic Features of Carcinomas 
Arising in the Segmental Bronchi: 


The segmental bronchi were the site of origin of 19 per cent of 
the malignancies comprising the entire study. Arising in bronchi 
of comparatively small diameter, these tumors were characterized 
by the early appearance of atelectasis and infection of the distal 
pulmonary segments. Hemoptysis was likewise a repeated symptom. 

Chest roentgenograms were recognized as definitely abnormal 
readily enough, but as a rule there was nothing characteristic 
about these segmental densities to distinguish them from tuber- 
culosis when they involved the upper lobes or from pneumonia 
when they occupied the lower lobes. If antibiotics were employed 
the symptoms usually improved and partial clearing of the radio- 
graphic evidence of infection distal to the tumor commonly re- 
sulted. Pneumonitis that fails to completely clear or tends to recur 


~ 
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FIGURE 4 FIGURE 4a 


Figure 4: Chest roentgenogram of a 49-year-old man with hemoptysis 
read as “Negative.” Shadow in the right lower lobe apparently disre- 
garded.—Figure 4a: One year later he returned because of recurring 
colds and blood streaked sputum, at which time the shadow in the right 
lower lobe had increased in size and density. Iodized oil failed to enter the 
posterior basilar segmental bronchus of the right lower lobe. The bron- 
chial mapping was repeated and a filling defect in this bronchus with 
bronchiectasis distal to the lesion was demonstrated. The bronchial ob- 
struction was produced by a bronchial carcinoma. 
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in the same pulmonary segment should, therefore, prompt an 
immediate investigation for bronchiogenic carcinoma. 

Bronchograms are an uncertain aid to the early detection of 
carcinomas involving the segmental bronchi. Occasionally they 
have been useful in demonstrating an obstruction or filling defect 
in a segmental or tertiary bronchus (Figures 4 and 4a). 


Early Clinical and Roentgenographic Features of Carcinomas 
Arising in the Periphery of the Bronchial Tree: 


Small bronchioles, deep in the parenchyma of the lung, gave 
rise to 23 per cent of the carcinomas in our entire series. These 
tumors appeared radiographically as solitary masses, usually sharp- 
ly circumscribed, and have been referred to as “coin” lesions. 
Such peripheral carcinomas frequently attained considerable size 
before producing symptoms. Symptoms eventually developed from 
extension of the growth to the larger bronchi, if deeply situated; 
whereas, subpleural tumors invaded the pleura, thoracic cage, 
adjacent viscera or vertebral bodies and were characterized by 
intractable pain. Pancoast-Tobias syndrome symbolizes the hope- 
lessly advanced form of a peripheral tumor arising above the 
superior pulmonary sulcus. Seven such peripheral invasive carci- 
nomas, as they have been referred to by Neuhof and Aufses," 
occurred in our series. 

The early diagnosis of peripheral tumors generally depends on 
their detection by means of survey chest roentgenograms prior 
to the onset of symptoms. Adopting a conservative or “wait and 
see"’ program in the management of these seemingly innocent 
shadows may be disastrous. The primary tumor may appear un- 
changed on the chest roentgenogram for months or years, while 
extensive blood born metastases have taken place. When con- 
fronted with a solitary pulmonary mass, it is frequently impossible 
to distinguish between a primary malignancy of the lung and a 
host of other lesions; tuberculoma, mycotic infections, pulmonary 
cyst, encapsulated lung abscess, metastatic malignancies, and 
benign tumors to mention a few. More than one-third of such 
lesions prove to be bronchiogenic carcinoma at exploration (Table 
II). Given a fair risk patient, if the diagnosis remains in doubt 
after the application of all diagnostic studies, exploration should 
be carried out without delay. 

Stable lesions containing calcium are the only exception to this 
rule. We believe such calcified masses to be either tuberculomas 
or benign tumors and the need for resection may be judged on 
grounds other than the probability of malignancy. 

Occasionally, hypertrophic pulmonary osteoarthropathy may 
make its appearance during the silent phase of bronchiogenic 
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carcinoma.'* An onset of painful swelling of the peripheral joints 
accompanied with clubbing of the fingers and toes requires that a 
chest roentgenogram be obtained promptly (Figures 5 and 5a). 
A case exemplifying the difficulties encountered in attempting 
to classify coin lesions clinically is illustrated in Figures 6 and 6a. 
The survey chest roentgenogram promises to be one of the 
most valuable tools available today for the early detection of 
primary pulmonary malignancy. In contrast to the usual 20 per 
cent resectability rate’ and 8 per cent gross five-year survival 


TABLE II 
ETIOLOGY OF SOLITARY PULMONARY MASSES* 


Bronchiogenic 
Author Total Cases Tuberculosis Carcinoma Miscellaneous 


Thornton et al.'° 23 13 
Grow et al.!! 20 
O'Brien et al.!? 21 8 
Effler et al.'* 24 
Johnson et al.'* 53 
Bugden!®* 8 
Freedlander et al.'* 8 
Jewett 17 
TOTAL 240 92 
*Positively identified at exploratory thoracotomy. 


FIGURE 5 FIGURE 5a 
Figure 5: A 40-year-old man sought medical attention because of stiff- 
ness and painful swelling of all the peripheral joints. Asymptomatic 
density in periphery of the right upper lung field was disclosed.—Figure 
5a: An induced pneumothorax demonstrated pleural symphysis over the 
mass. At thoracotomy the presumptive diagnosis of peripheral invasive 
carcinoma was confirmed. 
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rate,* Overholt has reported a 100 per cent resectability rate among 
a group of patients with asymptomatic bronchial carcinomas de- 
tected by survey roentgenograms. Moreover, he regarded 75 per 
cent of these resections as possibly curative.'* 

Until the public and the medical profession, as well, are ap- 
prised of the value of an annual chest roentgenogram, most 
victims of primary pulmonary malignancy will continue to consult 
physicians after symptoms have developed. Unfortunately, it is in 
this group of patients, who require treatment so urgently, in whom 
the tumor is frequently unsuspected. 

There has been no attempt to evaluate the specific methods of 
diagnosis;*® but, suffice to say, “The last court of appeal is the 
surgical amphitheater for the unverified cancer-suspect case.’’® 


SUMMARY 


We are not in accord with the concept that there are no symp- 
toms or signs that will aid the physician to detect early primary 
pulmonary malignancy. By correlating the early clinical and radio- 
graphic features of a bronchiogenic carcinoma with its site of 
origin within the bronchial tree, it is hoped that the protean 
manifestations of this cancer will be better understood. A number 
of illustrative cases have been briefly reviewed. 


RESUMEN 


No estamos de acuerdo con el concepto de que no hay sintomas 
ni signos que ayuden al médico a descubrir un tumor maligno 


FIGURE 6 FIGURE 6a 

Figure 6: “Coin” lesion in left lower lung field discovered on a survey 
chest roentgenogram. Sputum studies for tubercle bacilli yielded two 
positive smears and five positive cultures.—Figure 6a: No change in the 
appearance of the lesion occurred over a period of three months during 
streptomycin and PAS therapy. This lesion proved to be a bronchiogenic 
carcinoma following lobectomy. Multiple sections were examined, but in 
none was there evidence of tuberculosis. 
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primario del pulmon. Maciendo una correlacién de las fases cli- 
nicas y radioldgicas tempranas del carcinoma bronquiogénico con 
su punto de origen dentro del arbol bronquial, se espera que las 
primeras manifestaciones sean comprendidas mejor. Un numero 
de casos ilustrativos han sido revisados brevemente. 


RESUME 

L’auteur s‘insurge contre la conception qui veut qu'il n'y ait 
aucun symptome et aucun signe qui puisse permettre au médecin 
de découvrir précocément les tumeurs malignes primitives du 
poumon. Il estime que les manifestations précoces du cancer 
seront mieux comprises si no établit une corrélation entre les 
aspects cliniques et radiographiques du cancer bronchique 4 son 
début, et sa situation a l’origine dans l’arbre bronchique. L’auteur 
résume rapidement quelques observations particuliérement sug- 
gestives. 
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College Activities 


19th ANNUAL MEETING PROGRAM 


Physicians who wish to request places on the Annual Meeting Program 
of the College, to be held in New York City, May 28-31, 1953, should write 
to the Chairman of the Committee on Scientific Program, Arthur M. 
Olsen, Mayo Clinic, Rochester, Minnesota. 


All requests must be accompanied by an abstract as well as the full 
title of the paper to be presented. 


1953 COLLEGE ESSAY AWARD 


The Board of Regents of the American College of Chest Physicians 
offers a cash prize award of two hundred fifty dollars ($250.00) to be 
given annually for the best original contribution, preferably by a young 
investigator, on any phase relating to chest disease. 

The prize is open to contestants of other countries as well as those 
residing in the United States. The winning contribution will be selected 
by a board of impartial judges and the award, together with a certificate 
of merit, will be made at the forthcoming annual meeting of the College. 
to be held in New York City, May 28-31, 1953. Second and Third prize 
certificates will also be awarded. 

All manuscripts submitted become the property of the American Col- 
lege of Chest Physicians and will be referred to the Editorial Board of 
the College journal. “Diseases of the Chest.” for consideration. The Col- 
lege reserves the right to invite the winner to present his contribution 
at the annual meeting. Contestants are advised to study the format of 
“Diseases of the Chest” as to length, form and arrangement of illustra- 
tions, to guide them in the preparation of the manuscript. 

The following conditions must be observed: 


(1) Five copies of the manuscript, typewritten in English, should be 
submitted to the executive office, American College of Chest Phys- 
icians, 112 East Chestnut Street, Chicago 11, Illinois, not later 
than March 15, 1953. 

(2) The only means of identification of the author or authors shall 
be a motto or other device on the title page, and a sealed envelope 
bearing the same motto on the outside, enclosing the name of the 
author or authors. 


ILLINOIS CHAPTER 


A meeting of the Illinois Chapter was held in Chicago, October 9, in 
conjunction with the 7th Annual Postgraduate Course on Diseases of the 
Chest. Dr. Theodore J. Wachowski was moderator of the Clinical Path- 
ological X-Ray Conference of the Chapter. 

A joint meeting of the Illinois Chapter of the College, the Macon 
County Medical Society, and the Illinois Trudeau Society was held on 
November 14, at the Decatur Club, Decatur, Illinois. The scientific pro- 
gram included the following papers: 
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“When is an Intrathoracic Case a Surgical Problem?” 
Robert Fox, Surgical Department, Municipal Tuberculosis 
Sanitarium, Chicago. 


“Recognition and Treatment of Acute Chest Emergencies,” 
Paul A. Alfano, Associate Thoracic Surgeon, Cook County 
Hospital, Chicago. 


“Problems Encountered in the Diagnosis of Chronic Chest Diseases,” 
Robert H. Ebert, Associate Professor of Medicine, University 
of Chicago Medical School. 


A meeting of the Illinois Chapter will be held on December 12 at 
the Congress Hotel, Chicago. 


Officers of the chapter are as follows: 
William J. Bryan, Rockford, President 
Abel Froman, Chicago, Vice-President 


Clifton F. Hall, Springfield, Secretary-Treasurer 
George W. Holmes, Chicago, Chairman, Program Committee. 


119th MEETING OF THE AMERICAN ASSOCIATION 
FOR THE ADVANCEMENT OF SCIENCE 


The 119th Meeting of the American Association for the Advancement 
of Science will be held December 27 in Kiel Assembly Hall 3. St. Louis, 
Missouri. 

A symposium on “Chemotherapy of Tuberculosis” will be presided over 
by Dr. Alfred Goldman, Washington University School of Medicine. The 
following papers will be presented: 


“Antimicrobial Therapy of Pulmonary Tuberculosis,” 
Forrest W. Pitts, Capt.. MC, USA and Carl W. Tempel, Col., MC, 
USA, Fitzsimmons Army Hospital, Denver, Colorado. 


“The Laboratory Evaluation of the Anti-tubercular Activity of the 
Hydrazine Derivatives of Isonicotinic Acid,” 
E. Grunberg, Hoffman-LaRoche, Inc., Nutley, New Jersey and 
Department of Health, Newark, New Jersey. 


“The Acute Pharmacology in Man of the INH Compounds,” 
Carl C. Pfeiffer, University of Illinois School of Medicine, 
Chicago, Illinois. 


“Use of Isoniazid and Iproniazid Compounds in Clinical Tuberculosis,” 
M. R. Lichtenstein, University of Illinois School of Medicine and 
Municipal Tuberculosis Sanitarium of Chicago, Illinois. 


College News Notes 


Dr. Alfred S. Dooneief, Bedford Hills, New York, has recently been 
appointed attending physician, Division of Pulmonary Diseases, Monte- 
fiore Hospital, New York. Dr. Dooneief is the Secretary of the New York 
Postgraduate Committee of the College. 


Dr. Frederick R. Harper of the University of Colorado School of Med- 
icine, Denver, Colorado, was promoted to clinical professor of thoracic 
surgery and head of the Division of Thoracic Surgery. Dr. Harper is a 
member of the Council on Postgraduate Medical Education of the College. 
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Dr. John S. Bouslog of the University of Colorado School of Medicine, 
Denver, Colorado, has been promoted to clinical professor of radiology. 
He is a member of the Board of Examiners of the College. 

Dr. I. J. Selikoff of Paterson, New Jersey and Dr. Paul K. Bornstein of 
Asbury Park, New Jersey presented a paper entitled “Isoniazid Deriv- 
atives in the Treatment of Tuberculosis” before the Regional Meeting of 
the American College of Physicians in Newark, New Jersey, on Nov. 5. 


Book Reviews 


Chest Surgery for Nurses. By J. Leigh Collins and L. E. Mabbitt. Bailliere, 

Tindall and Cox, London, 1951, 188 pages, $3.00. 

This Text Book is characterized by its understandable presentation of 
its subject matter and by the expressive line drawings which go far in 
the explanation of the particular subject at hand. 

There is a generous discussion of the fundamentals of the basic 
sciences of anatomy and physiology without the introduction of burden- 
some and unnecessary details. 

The chapters on general clinical principles stresses the fundamentals 
for the care of patients requiring surgical intervention in the chest. 

The chapters dealing with breathing exercises and anesthesia might 
be used as a quick reference by many medical men. 

The chapters dealing with the various diseases and injuries and the 
surgical measures applicable in their treatment are somewhat general 
in their presentation of the subject matter but present sufficient under- 
standable information to enable the nurse to care for her patient with 
some knowledge of the diagnostic and surgical principles involved in the 
care and management of such patients. 

Throughout this book the authors make good use of line drawings to 
enhance the explanation of various relationships, positions, conditions 
and instrumentarium. I can recommend this book for the student nurse. 


William A. Hudson. 


Anesthesia for Thoracic Surgery. By Henry K. Beecher, M.D., Charles C. 

Thomas, Springfield, Illinois. 65 pages. $2.50. 

This concisely written, brief monograph deals with the principles, 
problems, and practices of anesthesia for thoracic surgery. It is divided 
into the lobectomy-pneumonectomy group cases with a discussion of the 
problems, equipment, techniques, etc., of this group of cases. There is 
also a section on the anesthetic agents and techniques in general for 
thoracic surgery. It deals also with problems of the termination of the 
surgery-anesthetic procedures. The latter part of the book deals with 
special problems with infants and children. cardiac and large vessel 
surgery, thymectomy, transthoracic esophagectomy. thoracoplasty, etc. 

It is obvious that in a monograph so small as this one only the more 
important factors of each of these problems can be discussed and then 
only briefly. It is refreshingly, clearly written, giving Dr. Beecher's views 
on these various problems with reference to Dr. Beecher’s numerous 
papers on the subject at hand. 
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This monograph presents the views of Dr. Beecher and is designed for 
the surgeon, internist, student and anesthetist who would desire to have 
his views of the problem. It accomplishes this purpose and well, and can 
therefore be recommended. It thus gives one the views of an outstanding 
group but gives very little, if any, of the views of other outstanding 
groups, this being justifiable in so short a text. 

Max S. Sadove. 


Causes and Prevention of Tuberculosis. By Brice R. Clarke, M.D., The 

Williams and Wilkins Company, Baltimore. 288 pages. $6.50. 

This volume, by an authority in Northern Ireland, examines the causes 
of tuberculosis in great detail. The influence of race, heredity, food, and 
other environmental factors are carefully analyzed. Numerous charts 
and graphs are presented to compare the findings in various parts of the 
world. The work of many writers in this field is quoted and critically 
examined. The conclusions are clear and logical. 

Chapters on epidemiology, the bovine bacillus, and the principles of 
prevention are well written and informative. 

The chapter on mass miniature radiography gives the broad outlines 
concerning the usefulness of this method, and many helpful suggestions 
regarding its application. 

The chapter on immunization against tuberculosis gives a favorable. 
but not over-enthusiastic point of view concerning the usefulness of 
B.C.G. 

There is also a brief chapter on the prevention of disease in the in- 
fected person, and a chapter on the treatment and rehabilitation of the 
tuberculous patient 

The medical writing in this volume is clear and easily followed. The 
conclusions drawn from the wealth of material presented are sound and 
practical. This book has much that will interest the lay worker in tuber- 
culosis as well as the physicians and nurses in this field. 


M. R. Lichtenstein. 


ANNOUNCEMENTS 


Effective with January 1953 and subsequent issues of Diseases of the 
Chest, the annual subscription rate will be $12.50. The price includes 
postage to any part of the world. 

Due to the increase in printing and mailing costs the Editorial Board 
of the journal has been obliged to increase the annual price of the 
subscription. 


A Postgraduate Course on Diseases of the Chest for General Practi- 
tioners sponsored by Marquette University School cf Medicine, the Wis- 
consin Chapter of the American Academy of General Practice, and the 
Wisconsin Chapter and the Council on Postgraduate Medical Education 
of the American College of Chest Physicians, will be held at Marquette 
University School of Medicine, Milwaukee, Wisconsin, March 4, 11, 18 and 
25, 1953, from 1:00 p.m. to 5:00 p.m. The fee will be $25.00. This is an 
accredited course approved towards postgraduate education requirements 
of the Wisconsin Chapter of the American Academy of General Practice. 
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Rocky Glen Sanatorium 
FOR TUBERCULOSIS 


McCONNELSVILLE, 
OHIO 


Where the science of treatment is first 
FOR THE MEDICAL AND SURGICAL TREATMENT OF TUBERCULOSIS 
LOUIS MARK, M.D., Medical Director, 677 North High Street, Columbus, Ohio 
HARRY MARK, Superintendent MRS. HARRY MARK, Asst. Superintendent 
HENRY BACHMAN, M_D.. Resident Medical Director 
MICHAEL L. MICHAELIS, M.D., Res. Phys. FELIX BACHMANN, M_D., Res. Phys. 
L. CHANDLER ROETTIG. M.D., Surgeon A. N. KISHLER, D.D.S., Attending Dentist 
Beautiful Surroundings Reasonable Rates 


SARANAC LAKE 


THE HEALTH CENTER IN THE ADIRON- 
DACKS FOR THE STUDY, CARE AND 
TREATMENT OF PULMONARY TUBERCU- 
LOSIS AND OTHER CHEST DISEASES: 


Surgery 

A modern General Hospital with one wing ex- 
clusively for surgery on the tuberculous. The 
staff includes three Diplomates of Thoracic 
Surgery and two Anesthesiologists. 


Complete facilities for differential diagnosis. 
Acc dati 


Homelike private sanatoria accommodating 
from 4 to 30 patients, each with private room, 


many with private porch and private bath. 
Costs: (including beard and lodging) $35.00 to 
$80.00 per week, without nursing care; $45.00 to 
$95.00 per week with general nursing care. 
Several semi-private sanatoria in the area 
accommodating 80 to 200 patients, each with 
private room. Maximum costs: $56.00 per week, 
which includes partial or full medical care. 


Treatment 

The most modern and time saving integration 
of rest, antibiotics, surgery and rehabilitation. 
Research 


Pioneering bacteriological, pathological, physio- 
logical and clinical research, through Trudeau 
Foundation facilities. Complete laboratory con- 


Rehabilitation 

The Saranac Lake Rehabilitation Guild pro- 
vides facilities for occupational and physical 
therapy under licensed personnel. Instruction 
in 60 vocational, technical and academic sub- 
jects by 30 certified teachers and counselors. 
Physical therapy department includes tech- 
niques to bring relief to patients with breath- 
ing difficulties. 


For complete information please write to — 


Norman R. Sturgis, Executive Director, 
Saranac Lake Medical Facilities, Inc.* 
91 Main Street, Saranac Lake, New York 


*A non-profit organization of Saranac Lake citizens inter- 
ested in publicizing the many health services of the area, 
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ALUM ROCK SANATORIUM 


SAN JOSE, CALIFORNIA 
TELEPHONE CLAYBURN 8-4921 


A Non-profit sanatorium for the treatment of tuberculosis 
and other diseases of the chest. 
Visiting Medical Staff: 
Harold Guyon Trimble, M.D., Oakland 
Cabot Brown, M.D., San Francisco 
J. Lloyd Eaton, M.D., Oakland 
H. Corwin Hinshaw, M.D., San Francisco 
Gerald L. Crenshaw, M.D., Oakland 
Buford H. Wardrip, M.D. Glenroy N. Pierce, M.D., San Francisco 
Telephone Clayburn 8-4921 Donald F. Rowles, M.D., Oakland 
James Kieran, M.D., Oakland 
Associate Medical Director Robert Stone, M.D., Oakland 
C. Gerald Scart h. MD. William B. Leftwich, M.D., Oakland 
Consulting Pathologist 
E. Gwyn Roberts, M.D., San Francisco 


Medical Director 


100 Beds for Crippled Children 200 Beds for Tuberculosis 


ST. JOHNS SANITARIUM, Springfield, Ill. 


Complete in every detail. Rates low—because of the services of the 


Hospital Sisters of St. Francis. 
Medical Director Address 
DR. ROBERT K. CAMPBELL SISTER THEODINE, R.N., Supt. 


Cragmor 
Sanatorium 


For the treatment of tuberculosis and 
diseases of the chest, situated near 
Colorado Springs in the heart of the 
Rockies. Ideal year-round climate. 
Individual apartments, with or with- 
out baths. Rates on request. 


For detailed information address 
Henry W. Maly, M.D., Director 


Cragmor Sanatorium 
Colorado Springs, Colorado 
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SOUTHWESTERN 
PRESBYTERIAN SANATORIUM 


ALBUQUERQUE, 
* NEW MEXICO 


A well-equipped Sanatorium in the Heart of the 
Well Country. 


Write for Information and Rates 


MARYKNOLL SANATORIUM 
_ MONROVIA, CALIFORNIA 


(MARYKNOLL SISTERS) 


A sanatorium for the treatment of 
tuberculosis and other diseases of 
the lungs. Located in the foothills 

s| of the Sierra Madre Mountains. 
Southern exposure. Accommoda- 
tions are private, modern and 
comfortable. General care of pa- 
tient is conducive to mental and 
physical well being. 


SISTER MARY PIETA, R.N. 
Superintendent 


E. W. HAYES, M.D. 
Medical Director 


SANATORIO ALBERTAL 


MOLDES 2047 BUENOS AIRES ARGENTINA 


Sanatorio privado para el diagnostico y tratamiento de las afecciones de las vias respiratorias. 
A private sanatorium for the diagnosis and treatment of respiratory diseases. 
DIRECTOR: MANUEL ALBERTAL, M_D., F.C.C.P. 
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Here is what the clinicians 


are reporting about NEO-PENIL”... 


the new derivative of penicillin 


... about its ability to concentrate in the lung: 


. concentrations of this drug in the lungs after intramuscular injection are five to ten 


times higher than that of benzylpenicillin [penicillin G].""! 


... about its ability to concentrate in sputum: 


“Neo-Penil gave rise to significantly higher concentrations of penicillin in bronchial 
secretions than did procaine penicillin . . .""* 
Procaine penicillin, in the same dosage, produces considerably lower sputum levels or 


tails to appear at all.” 


... about its effectiveness in bronchopulmonary disease?: 


“Our own evidence would indicate that it is a more effective form of penicillin in patients 
with chronic pulmonary emphysema and bronchopulmonary infection.’ 

This compound appeared to have a unique value in respiratory infections due to gram- 
positive bacteria.""! 

“Prompt reduction or elimination of pus from the sputum occurred in 75 per cent of 
fifty patients with chronic bronchitis and bronchiectasis, with a comparable clinical 
improvement.”"! 


tFor additional evidence, turn to page 8. 
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... about its ability to concentrate in other tissues: 


“... it is apparent that this compound possesses chemical or physical properties that 
bring about a higher concentration of penicillin than that brought about by procaine 
penicillin in: the erythrocytes and leucocytes of cats, in the lungs of dogs, and in bronchial 
secretions, spinal fluid, and umbilical cord blood of humans.” 


... about its toxicity: 


“... the toxicity of the compound appears to be of the same order as that of procaine 


penicillin.”"? 
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‘Neo-Penil’ ts available at retail pharmacies, in single-dose, silicone-treated vials of 
$00,000 units. 


Smith, Kline & French 
Laboratories, Philadelphia 


*T.M. Reg. U.S. Pat. Off. for penethamate hydriodide, $.K.F. 
(penicillin G die hylamincethy! eszer hydriodide) 
Patent Applied For 
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MEDICAL SERVICE BUREAU 
POSITIONS AVAILABLE 


Resident Physician for approved 179 bed Tuberculosis Hospital in Ohio. Single 
man preferred. Position open immediately. Please address Box 256A, American 
College of Chest Physicians, 112 East Chestnut Street, Chicago 11, Illinois. 


Staff Physician wanted for approved 179 bed Tuberculosis Hospital in Ohio. 
Position open immediately. Please address Box 257A, American College of Chest 
Physicians, 112 East Chestnut Street, Chicago 11, Illinois. 


Clinical Director wanted for 750 bed Tuberculosis Hospital in Southwest. 
Starting salary $7,500, then to $9,000 with complete maintenance. Must be 
citizen of the United States and an American graduate. Please address Box 
258A, American College of Chest Physicians, 112 E. Chestnut St., Chicago 11, Il. 


Applications are invited for positions of Resident, Assistant-Resident, and 
Junior Interne at Grace Dart Hospital, 6085 Sherbrooke, East, Montreal, P. Q., 
Canada. This is a 145 bed tuberculosis hospital approved by the American 
College of Surgeons. All methods of medical and surgical treatment are used. 
Duties of Resident to begin immediately, others on July 1, 1953. Apply to 
Medical Director. 


The story of one of America’s great doctors—the man who rose from modest 
circumstances, to become a world figure in the conquest of tuberculosis. 


THE FIGHT AGAINST TUBERCULOSIS 


An AUTOBIOGRAPHY by 
FRANCIS MARION POTTENGER 
With an Introduction by 
Roy G. Hoskins, M.D. 


— PRICE $4.00 — 


“A lively account of a long life in medical practice and research. Descriptions 
of meetings with outstanding men make the book not only an autobiography 
of a busy tuberculosis specialist but also a contribution to medical history. 
The personal character of the book gives it a special flavor, which, combined 
with the wisdom and experience of a long life dedicated to medical practice, 
research, and teaching, makes it a most commendable achievement.” 


—Journal of the American Medical Association. 


HENRY SCHUMAN, INC. 
20 East 70th Street ° New York 21, New York 
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Pfizer Steraject Syringe 
holds 2 cartridge sizes 


Steraject Penicillin G 
Procaine Crystailine 

in Aqueous Suspension 
(300,000 units) 


Steraject Pencillin G 
Procaine Crystalline 
in Aqueous Suspension 


(1,000,000 units) 


Steraject Combiotic* 
Aqueous Suspension ‘ 
(400,000 units Penicillin G 2 cartridge sizes | for only 1 syringe! 
Procaine Crystalline. 

0.5 Gm. Dihydrostreptomycin) 


Steraject Dihydrostreptomycin -- two cartridge sizes permit full 


Sulfate Solution (1 gram) standard antibiotic dosage 


cartridges individually labeled 


Steraject Streptomycin ready for immediate use 


Sulfate Solution (1 gram) 
no reconstitution 


for full details, ask your Pfizer 
Professional Service Representative 


Steraject Cartridges: 


each one supplied with 
sterile needle, foil-wrapped introduced by world’s largest producer of antibiotus 


*TRADEMARK CHAS. PFITER ACO INC ANTIBIOTIC DIVISION * CHAS. PFIZER @ CO.. INC, * BROOKLYN 6, N.Y 
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@ 50 and 100 Mg. tablets freely 
available on prescription and 
for institutional use. 


@ Other oral. topical and par- 
enteral forms for clinical 


340 Canal Street, New York 13, N. Y. 


Research and Production for the Medical Profession 
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